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CAMDEN COUNTY 

Audubon borough 
Audubon Park borough 
Barrington borough 
Bellmawr borough 
Berlin borough 
Berlin township 

Brooklawn borough 
Camden city 
Cherry Hill township 
Chesilhurst borough 
Clementon borough 
Collingswood borough 

Gibbsboro borough 
Gloucester township 
Gloucester City city 
Haddon township 
Haddonfield borough 
Haddon Heights borough 

Hi-Nella borough 
Laurel Springs borough 
Lawnside borough 
Lindenwold borough 
Magnolia borough 
Merchantville borough 

Mount Ephraim borough 
Oaklyn borough 
Pennsauken township 
Pine Hill borough 
Pine Valley borough 
Runnemede borough 

Somerdale borough 
Stratford borough 
Tavistock borough 
Voorhees township 
Waterford township 
Winslow township 

Woodlynne borough 

TOTAL 

RESIDENT POPULATION 

CENSUS 
COUNTS, 

APRIL 1, 1980 

9,533 
1,274 
7,418 

13.721 
5,786 
5,348 

2,133 
84,910 
68,785 

1,590 
5,764 

15,838 

2,510 
45,156 
13,121 
15,875 
12,337 
8,361 

1,250 
2,249 
3,042 

18,196 
4,881 
3,972 

4,863 
4,223 

33,775 
8,684 

' 23 
9,461 

5,900 
8,005 

9 
12,919 
8 .1.26 

20,034 

2,578 

471,650 

REVISED 
ESTIMATES, 

JULY 1, 1981 

9,530 
1,272 
7,413 

13,730 
5,796 
5,464 

2,135 
84,608 
69,437 

1,618 
5,767 

15,817 

2,517 
46,589 
13,100 
16. 117 
12,351 
8,355 

1,249 
2,254 
3,031 

18,271 
4,900 
3,964 

4,862 
4,217 

33.972 
8,753 

24 
9,462 

5,901 
7,996 

9 
15,249 
8,501 

20,952 

2,583 

477.766 

PROVISIONAL 
ESTIMATES, 

JULY 1, 1982 

9,556 
1,275 
7,428 

13,768 
5,818 
5,495 

2,140 
84,238 
69,855 

1,638 
5' 771 

15,848 

2,525 
47,248 
12,918 
16' 155 
12,383 
8,380 

1 '251 
2,259 
3,041 

18,353 
4, 911 
3,973 

4,875 
4,231 

34,115 
8,916 

24 
9,482 

5,922 
8,013 

9 
15,867 
8,665 

21,435 

2,586 

480,367 

13 



I 
17 

I RESIDENT POPULATION 

I CENSUS REVISED PROVISIONAL 
COUNTS, ESTIMATES, ESTIMATES, 

GLOUCESTER COUNTY APRIL lz 1980 JULY 1z 1981 JULY 1 z 1982 

I Clayton borough 6,013 6,013 6,033 
I Deptford township 23,473 23,553 23' 713 I 

':I East Greenwich township 4,142 4,176 4,202 
Elk township 3,187 3,245 3,305 
Franklin township 12,396 12,708 13,158 
Glassboro borough 14,574 14,644 14,677 

Greenwich township 5,406 5,396 5,409 
Harrison township 3,585 3,622 3,655 
Logan township 3,078 3,196 3,311 
Mantua township 9,193 9,168 9,174 
Monroe township 21,639 22,038 22,376 
National Park borough 3,552 3,529 3,540 

Newfield borough 1,563 1,553 1,548 
Paulsboro borough 6,944 6,927 6,903 
Pitman borough 9,744 9,691 9,696 
South Harrison township 1,486 1,525 1,564 
Swedesboro borough 2,031 2,025 2,033 
Washington township 27,878 29,100 29,507 . 

Wenonah borough 2,303 2,304 2,305 
West Deptford township 18,002 18,000 18,084 

·?Westville borough 4,786 4,748 4,755 
Woodbury city 10,353 10,757 10,772 
Woodbury Heights borough 3,460 3,452 3,469 
Woolwich township 1,129 1,138 1,144 

TOTAL 199,917 202,508 204,333 
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(Q)lllL 

Ca~nden ·County 
Ne-w· Jersey 

This Is the ln~t report ot the 1961 series. 

UNITED STATES DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 

In cooperation with 
NEW JERSERY AGRICULTURAL EXPERIMENT STATION 

( 
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I. "iF CAMDEN COUNTY, NEW JERSEY 3 

l'::organized in a way that it is readily useful to different Ocean. The association includes Sicklerville, West Ber
~ups of readers, among them farmers, managers of lin, Williamstown Junction, the eastern part of Berlin, 

woodland, engineers, urban developers, and homeowners. and the western part of Chesilhurst. 

E
rou,(>ing soils that are similar in suitability for each Most soils in the association are well drained. The 
eeified use is the method of organization commonly soil material formed from geologic formations locally 

· sed in the soil survey repor.ts. The soil sc~entists set up called Bridgeton and Cohansey. 
trial groups based on the y1eld and practice tables and The dominant soils in this association are the Aura and 

l
ther data and test these groups by further study and the Downer. The Aura soils are in slightly higher posi
y consultation with farmers, agronomists, engmeers, tions in the landscape than Downer soils. The Aura soils 
nd others. Then, the scientists adjust the groups ac- have a sandy loam or loamy sand surface layer and a 

cording to the results of their studies and consultation. reddish, coarse sandy ·loam subsoil containing some 

•

hus, the groups that are finally evolved reflect up-to- quartz gravel. The subsoil is so firm that root growth 
at·~ knowledge of the soils and their behavior under is restricted. Downer soils also have a sandy loam or 

· resent methods of use and management. loamy sand surface layer, burt their subsoil is not so 
. While a survey is in progress, and. after some areas red nor so .firm as tha.t in the Aura soils. 

l ave been mapped, however, many changes occur. In Minor soils in this association are the vVoodstown, 
his county, h1ghway construction has left borrow pits Dragston, Fallsington, Pocomoke, Sandy alluvial land, 
n fields and woodlands and made fills in low, wet areas. Loamy alluvial land, and Muck. These soils are in mod

Also, some areas that were fields when the aerial photo- erately low to low positions where a high water table 

F
a phs at the back of the report were made are. now and flooding are problems. Deep drainage is needed if 
vered by houses. these soils are to be used for urban areas. 
In some townships urban development has extended Sweetpotatoes and peaches are the most extensively 

beyond the public sewage lines. These townships require grown crops in this association. In some places sweet-

•

hat percolation tests be made of the soils at all home- potatoes are grown between rows of trees in young 
ites. The soil survey report can be used to assist in the orchards (fig. 3). The Aura soils are a source of much 

· Ianning of sewage systems. For ~xample, t~e. soil map graY'el and subbase material for building roads. 
shows areas of so1ls that have rap1d permeab1hty of the · 

E
bstratum where septic fields function well and where 
w percolation tests are needed. Also, this soil survey 

ndicates areas that have slow permeability, those areas 
where percolation tests are needed to determine whether 

i!e soil is suitable for septic fields and how the fields 
hould be designed. In addition, the report shows areas 
here drainage is so poor and permeability is ·so slow 

that the soils are generally not suitable for septic systems. 

lteneral Soil Map 
The general soil map at the back of this report shows~ 

I n color, the soil associations in Camden County. A soil 
ssociation is a landscape that has a distinctive propor

tional pattern of soils. It normally consists of one or 

f
ore major soils and at least one minor soil, and it is 
amed for the major soils. The soils in one association 
ay occur in another, but in a different pattern. 
A map showing soil associations is useful to people 

who want a general idea of the soils in a county, who 

l want to compare different parts of a county, or who 
want to know the location of large tracts that are suit
able for a certain kind of farmmg or other land use. 
Such a map is not suitable for planning the management. 

l of a farm or field, because the soils in any one association 
ordinarily differ in slope, depth, stoniness, drainage, 
and other characteristics that affect management. 

. . The eight soil associations in Camden County are 

l shown on the general soil map at the back of this report 
and are described in the following pages. 

1. Aura-Downer association: Gently sloping gravelly and sandy soils 

I This soil association occurs in irregularly shaped areas 
at elevations between 120 and 180 feet. It occupies the 
divide between the water flowing west into the Dela

lware River and the water flowing east into the Atlantic 

I 

Figure 3.-Sweetpotatoes interplanted in young peach orchard. 

2. Downer-Woodstown-Dragston association: Gently sloping, gray· ~ 
ish-brown sandy soils 

This association consists mostly of sand and gravel 
deposited by streams or rivers. It occurs in several widely 
separated areas. One strip, 1 to 2 miles wide, lies -imme
diately east of tJhe Delaware River at elevations rang
ing from 5 to 100 feet above sea level. This strip in
cludes the western part of Gloucester City, most of 
the city of Camden, all of East Camden, and the 
northern part of Pennsauken Township around Indus
trial Park. 

Other areas of this association are east of and just .. 
below the divide, which is a section of high ground 
across the county. Elevations range from 60 to 120 
feet. These areas include the communities of Berlin, 
Atco, and Waterford .. 
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4 SOIL SURVEY SERIES 19 61, NO. 4 2 

The soils in this association formed from material:> operate. If Shrewsbury soils are used in urban develop
of the Cape May, Pennsauken, Cohansey, and Bridge- ment, deep drainage is needed to lower the high wate1 
ton geologic formations. table. 

The dominant soils in this association are the Downer, Septic fields are generally sa.tisfactory in this asso· 
Woodstown, and Dragston, all of which are sandy. ciation, except where the soils are underlain by a claye} 
Downer soils are well drained, but they are droughty layer. The steep slopes adjacent to streams are suitabh 
because they are sandy and shallow. Woodstown and for use as parks, such as the Pennypacker Park alon< 
Dragston soils have a high water table. the Cooper River in Haddonfield. t 

Mmor soils in this association are the Fallsington, 
Pocomoke, and Klej. -7'1· Howel1-U~ban land association: Gently sloping, brown silty an< 

In the strip of th~s association that lies within 5 miles cla:ey s~lls . . . . . 
of the Delaware R1ver, nearly all the land is used for . Tlus soli assoe1atwn 1s a band 1 to 3 miles w1de ant 
industry, commerce, residences, or recreation. In this 1s roughly parallel to the Delaware River. It include 
part farmland occupies less than 5 percent of the acreage parts of Bellmawr, Northmont, Audubon Park, Oakly11 
and is in isolated parcels. This land is rapidly bein(J' Collingswood, and Merchantville. The soils are gentl: 
converted to urban use. · o sloping and occupy elevations that range from 20 t 

In areas of .this association east of the divide, about nearly 100 feet. The parent materials are silty ant 
50 percent of the acreage has been cleared. Included in clayey mari~e deposits as much as 110 feet thick. Locall: 
the cleared acreage are some commercial and residential these depos1ts are called the Merchantville and vV ood 
areas, which are mostly small. The farms are generally bury clays. Runoff is high because water soaks int 
of small or medium size, and they produce mainly vege- these m!literials very slowly. 
tables, fruits, or poultry. Sweetpotatoes, tomatoes Dominant in this association are the Howell soils an• 
peaches, and apples are the most important crops. Wood Urban-Moderately wet land complex. The Howell soil 
products of this association include pine for pulpwood occupy the higher elevations and are well drained o 
from the uplands and white-cedar from the swamps. moderately well drained. Urban-Moderately wet Ian' 
The soils in this association .are not highly fertile. Areas coml?lex OC?up.ies t~e lowe! l?ositions in the landscape. 
could be cleared, however, If needed, and made to pro- Minor soils m th1s assocmtwn are the Freehold, Holm 
duce more. than t~e ~oils no": farmed. Irrigation and del,~ and Downer. . . . . . . 
well-planned apphcatwn of hme and fertilizer would Nearly all of th1s assoCiatiOn 1s used as s1tes for mdu~ 
be needed. try, commerce, residences, recreation, and other urba 

This association is well suited to most urban uses. projects. Because the soils are slowly permeable, the: 
Deep drainage, however, is needed in the vVoodstown are generally not suitable as disposal fields for septi 
and Dragston soils to keep basements dry. systems. Urban-Moderately wet land complex is low an 

subject to flooding. If basements are constructed on thi 
land, deep drainage is needed. 7 3. Freehold-Holmdel-Collington association: Gently to strongly 

sloping soils from greensand · 

This soil association is a band 4 to 6 miles wide and 
is roughly parallel to the Delaware River. It is adja
cent to the Howell-Urban land association. It includes 
Runnemede, Barrin(J'ton, Haddon Heights, and Haddon
field and many subdivisions, such as the Barclay Farms 
and Kingston 'Estates. 

Generally, slopes in this association are gentle, but 
immed~ately adjacent to streams they are strong to steep. 
The so1ls are at eleYations ranging from 40 to 120 feet. 
The slope generally is toward the Delaware River. The 
parent materials of soils in this association are mostly 
fine s~nd but ~nclude so~ne silt and clay. All of tl1e 
mater1als contam glaucomte. The soil materials formed 
from geologic formations locally called the Englishtown, 
Marshalltown. and l\It. Laurel-Wenonah. 

The dominant soils in the association are the Freehold 
Holmdel, and_ Collington. FreeJ:lold and Collington soil~ 
are well dramed. Holmdel so1ls are moderately well 
drained to somewhat poorly drained and have a high 
wat.er table late in winter and during prolonged wet 
perwds. 

Shrewsbury soils are the minor soils in the association. 
The soils in this association are fertile, and nearly 

all the gentle slopes have been cleared for farming. Now 
more than half of the acreage is in urban uses, and the 
rest is rapidly being converted from farmland and wood
land to urb!),n uses. Deep drainage is needed on Holmdel 
soils to prevent flooding and to allow septic fields to 

5. Lakewood-Lakehurst-Lakeland association: Level to steep, gn 
sandy soils 

The strongly sloping to steep areas of this associatio 
occur in a wavy strip at relatively high elevations; tit 
nearly level areas occur adjacent . to the major eas1 
flowing streams just above the border of swamps. Tl1 
association consists of deep sandy soils, most of whie 
have a bleached, gray surface layer. 

The parent material of soils in this association 
sand. Part of the. western area is from the Kirkwoo 
geologic formation and is dominantly fine sand; the 1'\' 

of the association is from the Cohansey formation a11 

is dominantly medium and coarse sand. Soils on hi,... 
elevations are well drained, but those on the lower sit• 
have a high water table. 
· The dominant soils in this association are the Lak 
wood, Lakehurst, and Lakeland, named in order of exteii 
Because they are so droughty and so infertile, less th: 
10 percent of their acreage has been cleared for farmin 
The Lakewood and the Lakeland soils are excessive 
drained, but the Lakehurst soils have a fluctuating wai 
table. Septic fields work well in Lakewood and Lakela1 
soils but are hampered by a high water table in t ~ 
Lakehurst soils. The soils are suitable for building sitr 
but droughtiness and low natural fertility are probler 
in establishing and maintaining plants for landscapi1 
and lawn grasses. Some of the areas are too steep f 
residences of the customary design and construction. 



I 
I 
I 
I 
I 
I 
I 
I 
I 

·- . ~-- ·' ---~-

6 SOIL SURVEY SERIES 1961, NO. 42 

TABLE !.-Approximate acreage and proportionate extent of the soils 

Soil 

Aura loamy sand, 0 to 2 percent slopes _______ _ 
Aura loamy sand, 2 to 5 percent slopes _______ _ 
Aura sandy loam, 0 to 2 percent slopes _______ _ 
Aura sandy loam, 2 to 5 percent slopes _______ _ 
Aura-Downer loamy sands, 0 to 5 percent slopes_ 
Aura-Downer sandy loams, 0 to 5 percent slopes_ Aura-Urban land complex __________________ _ Clay pits _________________________________ _ 
Coleman town loam_-------------------- ___ _ 
Collington fine sandy loam, 0 to 2 percent slopes_ 
Collington fine sandy loam, 2 to 5 percent slopes_ 
Downer loamy sand, 0 to 5 percent slopes ____ _ 
Downer loamy sand, clayey substratum, 0 to 5 percent slopes ___________________________ _ 
Downer sandy loam, 0 to 2 percent slopes ____ _ 
Downer sandy loam, 2 to 5 percent slopes ____ _ 
Downer soils, 5 to 10 percent slopes __________ _ 
Downer-Aura complex, 5 to 10 percent slopes __ Fallsington sandy loam _____________________ _ 
Freehold fine sandy loam, 0 to 2 percent slopes_ 
Freehold fine sandy loam, 2 to 5 percent slopes_ 
Freehold fine sandy loam, 5 to 10 percent slopes_ 
Freehold loamy fine sand, 0 to 5 percent slopes_ 
Freehold loamy fine sand, 5 to 10 percent slopes_ 
Freehold sand, thick surface variant, 0 to 5 percent slopes ___________________________ _ 
Freehold soils, 15 to 30 percent slopes ________ _ 
Freehold and Collington soils, 10 to 15 percent 

-3>Fr~~0Ii~l~- ;~d--D~~;;_ u;b;~- !i~d- ~~~ple-x~-
gently sloping _________ ------ ____________ _ 

Area 

Acre~ 
400 

3,000 
1, 100. 
3,000 
1, 700 
1,200 

250 
100 
200 
800 
600 

18,000 

300 
800 
900 

1, 000 
400 

1,300 
1,000 
2, 500 

700 
2, 000 

300 

500 
400 

400 

13,000 

Extent Soil 

Percent 
0.3 
2. 1 
.8 

2. 1 
1.2 
.8 
.2 

(1) 
. 1 
.6 
.4 

12.8 

.2 

.6 

.6 

.7 
.. 3 
.9 
.7 

1.8 
.5 

1.4 
. 2 

.4 

.3 

.3 

9.2 

Area 

Acre1 
8,000 

700 

2, 000 
3,000 
3, 500 
2,300 
1,500 

300 
300 

100 
800 
250 
300 
150 
400 

6, 700 

450 

350 
2,000 

700 
800 

1, 000 
500 

1, 500 
2,000 
1,000 

Extent 

Percent 
5. 7 
. 5 

1.4 
2. 1 
2. 5 
1.6 
1.0 
.2 
.2 

(1) 
.6 
.2 
. 2 
. 1 
.3 

4.8 

.3 

.3 
1.4 

.5 

.6 

.7 

.4 
1.0 
1.4 
.7 
.2 --?Freehold and Downer-Urban land complex, 

I ~ Fr~~o.i~kf;~d-D"a~e;,-c-.;y~y-s-~bst;;t;,-_-U~b~~-land complex ___________________________ _ 
Holmdel fine sandy loam, 0 to 3 percent slopes_ 
Holmdel loamy fine sand, 0 to 3 percent slopes_ 

300 

1,300 
3,000 

.2 

.9 
2. 1 

250 
300 

1,000 
300 

.2 

.7 

.2 

I 
I 
I 
I 
I 
I 
I 
I 
I 

300 .2 
Holmdel, clayey substratum, -Urban land com-

400 .3 
1, 000 .7 

pWX------------------------------------Holmdel-Urban land complex _______________ _ 
1, 300 .9 

100 (1) 
300 .2 

Howell-Urban land complex, gently sloping ___ _ 
Howell-Urban land complex, sloping _________ _ 
Klej loamy sand, 0 to 2 percent slopes _______ _ 
Kresson sandy loam, 0 to 3 percent slopes ____ _ 250 .2 Lakehurst sand, 0 to 3 percent slopes ________ _ 2,350 1.6 
Lakehurst-Lakewood association, 0 to 5 percent 

3,400 2.4 

2,300 1.6 
1, 500 1.1 

500 .4 
1, 000 .7 
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slopes __________________________________ _ 
Lakeland fine sand, firm substratum, 0 to 5 percent slopes ___________________________ _ 
Lakeland sand, 0 to 5 percent slopes _________ _ 
Lakeland sand, water table, 0 to 2 percent slopes __________________________________ _ 
Lakewood fine sand, 0 to 5 percent slopes ____ _ 
Lakewood fine sand, 5 to 10 percent slopes ___ _ 
Lakewood fine sand, 10 to 25 percent slopes ___ _ 

I Less than 0.1 percent. 

Listed at the end of the description of a mapping unit 
are the capability unit, the woodland suitability group, 
and the urban group in which that kind of soil has 
been placed. Some mapping units have been placed only 
in urban groups. The pages on which the capability 
unit, and woodland suitability group are described can 
be found readily by referring to the "Guide to Mapping 
Units, Capability Units, and Woodland Groups," at the 
back of the report. 

Soil scientists, teachers, engineers, foresters, and others 
who want· more detailed information about the soils 
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should turn to the section "Formation and Classification 
of Soils." Many terms used in the soil descriptions and 
in other sections of the report are defined in the Glossary. 

Aura Series 
The Aura series consists of dark grayish-brown, well

drained, sandy soils in high positwns. The soils are 
nearly level to gently sloping. In the upper :t feet, they 
contain variable amounts of quartzose gravel (fig. 4). 
The lower part of the subsoil is firm, reddish coarse 
sandy clay loam that restricts root growth. 
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I vegetables and to general farm crops. Most areas have 
been ~red for farm1ng. 

In Cam?en Co.unty, Dra.gston soils are m31pped only 
in an undifferentiated group, Woodstown and Dragston 

I sn.ndy loamst 0 to 3 percent slopes. The ·woodstown soils 
are described under the Woodstown series. 

Fallsington Series I The Fallsington series consists of grayish-colored, 
p)orly dmined, moderately coarse textured soils that ·are 
gener.all.y prominentlv mottled. They are in the south-

1 e:tstern. part of the county in low positions and have 
slopes of less than 1 percent. Runoff is slow, and some 
areas :sre ponded. 

The natural vegetation consists of pin, willow, and 

I swamp white oaks and red maple. If seed trees are 
nearby, idle fields are rapidly seeded to pitch pine. There 
is generally a dense undergrowth of highbush blue
berry~ sheep laurel, gallberry, sweet pepperbush, and 

l other slimlbs. 
A representative profile of Fallsington sandy loam has 

a da:r:k:-gray plow laver about 10 inches thick. The sub
soil is erayish-brown sandy loam that. is mottled with 

I dark yeilowish brown and has slightly more cla:y than 
the piq})W layer. It extends to a depth of about 24 mches. 

· The underlying material is loose, light brownish-gray 
coarse loamy sand. 

I The subsoil ranges from sandy loam to sandy clay 
loam in texture. In places it extends to a deJ>th of 30 
to 3S m1:hes. It ranges from gray to yellowish brown in 
color_ In places the substratum has brighter colors. 

I Rounded quartzose pebbles are common in the underlying 
materiaL The content ranges from 0 to 5 percent, by 
.volume.. Also in some areas the underlying material 
contaiins discontinnon:s lenses of clay, but it was not 

I feasible to map these areas separately. 
In their natural state, the Fallsington soils are ex

. tremely acid, but some farmed fields have been limed and 
are Jmow less acid. Also, tl1ese soils are almost constantly 

I 
wet_ In winter the water table is near the surface; in 
summer it is about 2 feet below the surface. The soils 
are moderately permeable. Generally, tile drains or open 
ditches can be used to lower the wa,ter table. Because 

I 
o£ the loose material in the substratum, deep ditches, 
espooi~Hy in shallow soils, require careful management 
to _prevent ditchbanks from caving in. 

The Fallsington soils' occur beside the Pocomoke, 

I 
Woodstown, and Dragston soils. The_y are grayer than 
the W ~own and Dragston soils. They are not so dark 

. in the surface layer as the Pocomoke soils. 
WiUwut drainage, the Fallsington soils are not suitable 

I 
for .a.ny kind of :fanning. If drained, they are suit~ble 
for b]meberries and for annual vegetables that can with
stand slkorl periods of subsoil saturation. They are also 
suitable for general crops and pasture. The soils gen-

1 
erally cannot be drained well enough to produce high
value perennial crops, such as asparagus, fruit, or al
falfa.. They are generally suitabl~ as sites for ponds that 
are supplied by groundwater. 

I (Fd) FaUsington saady loam.-A profile of this soil is 
described for the Falisington series. Small areas of Poco
moke s1111dy loam, Dmgston sandy loam, and small areas 
of Fatington loam are included with this soil in mapping. 

I 
I 

In some circular depressions, clay layers occur between 
a depth of 30 and 60 inches from the surface. In these 
areas groundwater recharge may be slow if groundwater 
ponds are constructed. (Capability unit IIIw-21; wood
land suitability group 4; urban group 9) 

Freehold Series --( 
The Freehold series consists of dark grayish-brown, 

well-drained, sandy soils that are low in glauconite. They 
occur in high positions in the western part of the county. 
Their subsoil is dark yellowish brown or brown. The sub
strntum is stratified material that is mostly loamy sand · 
but that also contains thin layers of sandy loam and 
clayey material. The finer material generally has a red
dish color derived from iron coatings. Generally, the 
soils contain little quartzose gravel. 

The natural vegetation consists mostly of red oak, 
beech, and lellow-poplar. , 

A typica profile of Freehold soil has a dark grayish
brown fine sandy loam plow layer 9 inches thick; a 
yellowish-brown fine sandy loam subsurface layer 6 
mohes thick; a dark yellowish-brown sandy clay loam 
subsoil 20 inches thick; and underlying layers of mostly 
stratified loamy sand and sandy loam. The underlying 
layers range in color from light olive brown to strong 
brown in places where the sand grains are coated with 
iron. There are thin ironstone sheets in some lower 
layers. 

The subsoil ranges from fine sandy loam to sandy clay 
loam in texture. In high positions where oxidation takes 
place readily, the colors of the subsoil are somewhat red
der than those in the typical Freehold soil. The thick
ness of the solum ranges from 30 to 42 inches. As a rule, 
Freehold soils contain little gravel (fig. 5). 

The Freehold soBs naturally are extremely acid, but 
some farmed fields have been limed and are now less 
acid. The soils are modemtely fertile, moderately per
mea-ble, and have a moderate to good water-holding 
ca pa,city. . 

Freehold soils occur beside the Holmdel, Shre~bury, 
and CoHington soils. They lack the mottling common 
·in Holmdel and Shrewsbury soils. They contain less 
glauconite than Collington soils. 

Nearly all the Freehold soils that have favorable slopes 
have been cleared £or £arming. They are highly prized 
for growing fruit, high-value vegetables, and nursery 
crops, as well as general crops of corn, small grain, hay, 
and soybeans. 

(FfA) Freehold fine sandy loam, 0 to 2 percent slopes.
A profile of this soil is described as typical of the Freehold 
series. Included with this soil in mapping are small areas 
of Holmdel soils in depressions. These areas may need 
drainage if crops of high value are to be grown. Also 
included are areas that contain remnants of more recently 
deposited material. This material is redder and contains 
more gravel and less glauconite than normal for Freehold 

· soils, and the sand is generally coarser. The same croP.s 
can be grown on this material, but the soil is less fertile 
and more droughty. 

This soil is highly favorable to farming, as there is little 
erosion hazard and only minor problems of drainage in 
small areas. The use of cover crops or sod crops is needed 

~- . ':.-.- ~ ... ~ 
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to maintain a large amount of organic matter and a porous 
plow layer. 

In places this soil is underlain by clay between a depth 
of 30 and 60 inches. The clay may cause the layer above 
to be saturated for brief periods. If this soil is used for 
a homesite, the clayey layer could cause basement seepage 
and restrict the use of the soil as a septic field. (Capa
bility unit I-5; woodland suitability group 1; urban 
group 1) · 

Figure 5.-A profile of Freehold loamy fine sand showing the loose 
surface layer. 

(FfB) Freehold fine sandy loam, 2 to 5 percent 
slopes.-Because this soil is more sloping than Freehold fine sandy loam, 0 to 2 percent slopes, runoff is more rapid 
and organic-matter content is more difficult to maintain. Unless erosion is controlled, it limits crop production. Contour planting, cover crops, and sod crops can be used 
to reduce the erosion hazard. 

This soil is well suited to most urban uses. If under
lying clay layers are present, however, they may cause basement seepage and slight problems in septic fields. 
(Capability unit IIe-5; woodland suitability group 1; ur-ban group I) · 

(FfC) Freehold fine sandy loam, 5 to 10 percent 
slopes.-Runoff is rapid on this sloping and strongly slop
ing soil. If not controlled, erosion is a serious hazard in 
plowed fields. In some fields erosion has removed part of the surface layer and has cut gullies. Yields of these fields 
are low, and soil management is more difficult. Contour 
planting, cover crops, and diversion terraces are practices 
that help to reduce the erosion hazard in cropped areas. 
In pasture land and in woodland, however, erosion is not a problem. 

If this soil is used for homesites, erosion is a problem in 
establishing lawns. In some areas sodding may be re
quired. The slope of this soil should be considered in the design of septic fields. (Capability unit IIIe-6; woodland 
suitability group 1; urban group 4) 

(FhB) Freehold loamy fine sand, 0 to 5 percent slopes.
The total thickness of the surface and subsurface layers 
of this soil is about 18 inches. The surface layer is loose 
and therefore is subject to wind erosion. The subsoil con
tains considerably more clay than the surface soil. Because 
of the clay content, the subsoil is moderately permeable and has moderate available moisture holding capacity. 
This soil generally contains little or no gravel. Some areas 
that have a surface layer of sand are included with this soil in mapping. 

This soil warms readily in spring and is well suited to early crops. Most crops of high value grown on this soil are irrigated. Because most slopes are short, there is little 
hazard of water erosion. Some erosion control practices 
may be needed on long slopes. Cover crops, wind strip
cro~s, and privet windbreaks can be used to reduce wind 
erosiOn 

If this soil is used for homesites, drought-resistant grasses should be grown in lawns, and water and fertilizer should be regularly applied. (Capability unit IIs-6; 
woodland suitability group 1; urban group 2) 

(FhC) Freehold loamy fine sand, 5 to 10 percent 
slopes.-This soil is like Freehold loamy fine sand, 0 to 5 percent slopes. It has stronger slopes than that soil, runoff is more rapid, and cultivated areas are more likely to 
have gullies and a thinner surface layer. This soil is more droughty than the less sloping Freehold loamy fine sand. 
Water erosion is more of a problem on this soil than wind 
erosion. Contour farming can be used to reduce water 
erosion. 

If this soil is used for homesites, erosion is a problem in 
establishing a lawn. In some places sodding mav be 
needed. Drought-resistant grasses should be grown,· and 
water and fertilizer should be applied regularly to lawns 
and landscape plants. The slope should be considered in 
designing a septic .field on this soil. (Capability unit 
IIIe-6; woodland suitability group 1; urban group 4) 
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I (FnB) Freehold sand, thick surface variant, 0 to 5 per· 
cent slopes.-The total thickness of the surface and subsurface layers of this soil exceeds 30 inches. These layers · are made up of loose sand. Because of the extreme thick-1 ness of the sand, this soil has little in common with the 
other Freehold soils. The sand makes it less fertile and 
and more droughty than the other Freehold soils. It is also more likely to be eroded by wind. The subsoil, how-l ever, contains enough clay to prevent rapid percolation of water and the leaching of added fertilizer. This clayey 
layer is about 1 foot thick and is underlain by loamy sand. 

This soil is best suited to peach trees, apple trees, and 

I grapevines, and other deep-rooted perennial plants. ·It 
is too sandy and droughty for pasture. 

If this soil is used for homesites, the establishment of 

I 
lawn grasses and landscape plants is severely limited, as 
the soil is droughty and infertile. Drought-resistant 
grasses or warm-climate grasses can be established by 
using plugs. Deep-rooted landscape plants are needed. 
Water and fertilizers should be applied frequently. 

I (Capability unit Ills-7; woodland suitability group 3; 
urban group 2) 

(FsE) Freehold soils, 15 to 30 percent slopes.-These 
soils are chiefly in narrow bands on steep banks adjacent 

I to streams. Nearly all the acreage is forested. Because 
of steepness and erosion, alternate layers of geologic deposits that have not been greatly altered by the soil
forming processes are exposed at the surface. The de-

l posits are mainly sandy, though in places they are finer 
textured. Seeps occur if the sand lies over finer material. 
Runoff is rapid. Because of the erosion hazard, it would 
be better if these soils were not cleared for farming. 

I These soils generally occur near streams and have 
been developed in places as part of a park. (Capability 
unit Vle-5; woodland suitability group 1; urban group 11) 

(FtD) Freehold and Collington soils, 10 to 15 percent 

I slopes.-This group is composed mostly of Freehold fine 
sandy loam and Freehold loamy fine sand, but it also contains 
Collington soils of the same textures. In places, however, 
the soils are underlain by clayey deposits that cause seeps. 

I Because the slopes are steep, runoff is rapid. 
Small areas have been cleared for farming. The ero

sion hazard is very high in cultivated fields, and contour 
planting, hay strips, or diversion terraces are needed. In 

I . a few fields gullies have formed. In areas used for pasture and woodland, however, the erosion hazard is only slight. (Capability unit IV e-6; woodland suitability 
group 1 ; urban group 11) 

~(FxB) Freehold and Downer-Urban land complex, • ~~ntly sloping-This mapping unit consists of Freehold and Downer soils in urban areas where it was impractical to map each soil separately. The Freehold soils are 

I 
more extensive than the Downer soils. The slope ranges 
from 0 to 5 percent. 

The soils in this complex are in urban or suburban use. 
Most areas are residential, but some are commercial, and 

I some are idle. In the older developed areas where con
struction was mainly of single units, disturbance of the 
soil was restricted to the immediate location of the unit. 
In the newer areas, the disturbance has affected the entire 

I 
area through· stockpiling of surface soil, grading or level
iilg the area, excavating for foundations, and then re
placing the surface soil after construction was finished. 
(Urban group 1, Freehold and Urban land parts; urban I gr()up 2, Downer part) 

I 
_·.~·-· -· ·.:.:_: __ ·., .. -.:...:..~---

(FxC) Freehold and Downer-Urban land complex, 
sloping.-Except for stronger slopes, this complex is similar to Freehold and Downer-Urban land complex, gently 
sloping. The slope ranges from 5 to 15 percent. 

Erosion of the soils in this complex is a problem. Also, the septic fields are more difficult to install on these soils 
than on the less sloping soils, and they do not function so 
well. (Urban group 4) 

( F y) Freehold and Downer, clayey substrata,-Urban land 
complex.-This unit contains either Freehold or Downer 
soils; the two seldom occur together in one area. Generally these soils are gently sloping (0 to 5 percent), 
but some steeper areas are included in mapping. 

The Freehold and Downer soils in this unit are similar 
to the ones described as typical of their respective series, 
except that they have underlying layers of clay or sandy 
clay between a depth of 30 and 60 inches. The clayey layers range from 3 to 24 inches in thickness. They 
reduce the permeability of the substratum and thereby 
trap water in wet seasons. Thus basement seepage may 
be a problem for buildings on this unit. Drainage to a 
depth below 4 feet is needed on land in this unit that is used for a septic field. (Urban group 1, Freehold and 
Urban land parts; urban group 2, Downer part) 

Holmdel Series 
The Holmdel series consists of dark grayish-brown, 

moderately well drained to somewhat poorly drained 
soils that have a mottled yellowish-brown or light olive
brown subsoil and a stratified substratum. The soils con
tain a small amount of glauconite. They are on slopes 
where .the water table rises into the subsoil in winter but drops to a depth of 3 feet or· more in summer. These 
soils are in the western part of the county. 

The natural vegetation consists mostly of red, scarlet, 
and white oaks, yellow-poplar, beech, and hickory. In 
the somewhat poorly drained areas, however, pin oak, 
willow oak, and sweetgum predomina;te. The natural 
shrubs are viburnum and spicebush. 

A typical profile of Holmdel soil has a dark grayish
brown, fine sandy loam plow layer 10 inches thick, and 
a yellowish-brown or light olive-brown, prominently 
mottled, fine sandv loam subsoil about 24 inches thick. 
The subsoil is sll'ghtly more clayey than the surface layer. Be.Jow the subsoil is mostly stratified, olive-colored 
~oamy sand and sandy loam extending to a depth of 60 mohes. 

In moderately well drained areas, mottling is in the lower part of the subsoil only, but in the somewhat 
poorly drained areas, it is in the upper part. The sub
soil ranges from sandy loam to sandy clay loam in tex
ture, thou()'h the sandy loam is more common. In places 
the subsoiY is not so thick as that in the typical profile 
described. The texture and color of the stratified mate
rial varies widely from place to place. Normally, rounded 
quartzose gravel is not common in Holmdel soils. In 
places the soils have a pale subsurface layer between 
the plow layer and the subsoil. 

The Holmdel soils naturally are extremelv acid, but 
some farmed fields have been ·heavily limed and are 
now less acid. The soils are generally permeable enough 
to be drained efficiently by tile. 

The Holmdel soils occur beside the Freehold, Coiling
ton, and Shrewsbury soils. Mottling in the subsoil dis-
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adequate natural regeneration ordinarily will take place 
if the seedbed and seed sources are adequate. On old 
field sites losses resulting from the effect of the soil are 
ordina~ily less than 2'5 percent. NormaHy1, ,~atisfactory 
restockmg by initial planting can be expected. The 
rating moderate means that there is a regeneration prob
lem. On old field sites losses resulting from the ·effect 
of the soil are ordinarily between 25 and 50 percent. 
Normally, some replanting to fill openings will be nec
essary. N atura.l regenera.tion cannot be relied on for 
adequate and immediate restocking, even if seedbeds, seed 
sources, and weather are reasonably favorable. The rat
ing severe means that losses resulting from the effect of 
the soil are ordinarily more than 50 percent. Natural 
regeneration can be relied on only if seedbeds, seed 
sources, and the weather are favorable. 

Plant competition refers to the rate that undesirable 
plants invade the site when openings are made in the 
canopy. The rating slight means that there are no spe
cial problems of plant coml?etition. The rating moderate 
means that plant competitiOn develops but c'an be con
trolled by site preparation, weeding, or other simple 
management. The rating severe means that plant com
petition prevents adequate restocking of designated spe
cies, unless controlled burning, disking, use of chemical 
sprays, girdling, or other special management practices 
are used. 

The ratings for windthrow hazard are based on soil 
characteristics or qualities that enable trees to resist 
the force of the wind. Windthrow damage is most se~ 
vere on soils that remain wet for long periods, particu
larly the muck soils and soils in very low positions that 
receive much surface water. The ratings are slight. 
moderate, and severe, depending on the expected hazard 
of windthrow. Several woodland ·suitability groups have 
a range in ratings. This range is explained in the dis
cussion of these groups. 

The trees that are most suitable for favoring in the 
stand or for planting on each woodland suitabilitv 
group are also given in table 4. These trees will provid"e 
the most _valuable timber crop. In general, conifers are 
better smted to the sandy soils. Yellow-poplar, sweet
gum, and oaks, however, are better suited to the finer 
textured, relatively moist soils. Only the species of pine 
that are available locallv are listed in the table as suitable 
for planting. Other sp~cies of pine, spruce, fir, and other 
trees for special products are given in the text for each 
woodland suitability group. In some groups, however, no 
planting is suggested because of severe competition from 
other plants or because of successive failures caused by 
animals. · 

For specific information on what trees to plant ·or 
how to manage woodlands, landowners should consult 
their district forester of the New Jersey Department 
of Conservation and Economic Development. For gen
eral information concerning forestry, they should con
sult the extension forester of the Agricultural Extension 
Service. 

Descriptions of woodland suitabilitf! groups 
In this section the seven woodland suitability gTOups 

of Camden County are discussed, and the soils in each 
group are listed. 

Because they are not suitable for, or generally are 
not used for woodland, the land types, Clay pits, Made 
land, Sand and gravel pits, and Tidal marsh-Made land 
complex, and soils, in urban land complexes were not 
placed in woodland suitability groups. 

WOODLAND SUITABILITY GROUP 1 

This group consists of nearly level to steep soils that 
have moderate to high availa.ble moisture capacity, a 
loamy subsoil, and moderate natural fertility. The tex
ture of the subsoil ranges from moderately coarse to 
moderately fine (sandy loam, loam, or sandy clay loam). 
The natural drainage of the soils in this group ranges 
from good to somewhat poor. The soils are-

GoA Collington fine sandy loam, 0 to 2 percent slopes. 
CoB Collington fine sandy loam, 2 to 5 percent slopes. 
OrA Downer loamy sand, clayey substratum, 0 to 5 percent 

FfA 
FfB 
FfC 
FhB 
FhC 
FsE 
FtD 
HdA 
HfA 
MmB 
MnA 
MnB 
NbA 

NcA 

WaB 
WfB 
WfC 
WhD 
WhD3 

WsA 

WtA 

WuA 

slopes. 
Freehold fine sandy loam, 0 to 2 percent slopes. 
Freehold fine sandy loam, 2 to 5 percent slopes. 
Freehold fine sandy loam, 5 to 10 percent slopes. 
Freehold loamy fine sand, 0 to 5 percent slopes. 
Freehold loamy fine sand, 5 to 10 percent slopes. 
Freehold soils, 15 to 30 percent slopes. 
Freehold and Collington soils, 10 to 15 percent slopes. 
Holmdel fine sandy loam, 0 to 3 percent slopes. 
Holmdel loamy fine sand, 0 to 3 percent slopes. 
:\Iatawan loamy sand, 0 to 5 percent slopes. 
:\latawan sandy loam, 0 to 2 percent slopes. 
~latawan sandy loam, 2 to 5 percent slopes. 
Nixonton and Barclay fine sandy loams, 0 to 3 percent 

slopes. 
Nixonton and Barclay loamy fine sands, 0 to 5 percent 

slopes. 
Westphalia fine sandy loam, 0 to 5 percent slopes. 
Westphalia loamy fine sand, 0 to 5 percent slopes. 
Westphalia loamy fine sand, 5 to 10 percent slopes. 
Westphalia soils, 10 to 20 percent slopes. 
Westphalia soils, 10 to 20 percent slopes, severely 

eroded. 
Woodstown and Dragston sandy loams, 0 to 3 percent 

slopes. 
Woodstown and Klej loamy sands, 0 to 3 percent 

slopes (Woodstown part). 
Woodstown and Klej loamy sands, clayey substrata, 

0 to 3 percent slopes. 

The soils of this aroup are well suited to high-quality 
hardwoods, especia!'fy oaks and yellow-poplar. The site 
index for yellow-poplar is wide; it ranges from 80 to 
108. 

Plant competition is moderate to severe. It is mod
erate for most of the soils, but it is severe for the some
what poorly drained areas occupied by Holmdel and 
Barclay soils. Plant competi•tion is generally so severe 
that yellow-poplar seedlings will not grow unless special 
regeneration practices are used. 

The windthrow hazard is slight to moderate. It is 
slight for most soils but is moderate for the somewhat 
poorly drained areas of Holmdel and Barclay soils. 

In some old fields, plantings of white pine or yellow
poplar are successful. Plantings may also be made of 
trees for special purposes; for example, coniferous trees 
for Christmas trees, black locust for posts, and holly 
for Christmas greens. In places laurel is common and 
can be cut for Christmas decorations. 

Because the slopes are steep and short and support a 
cover of shrubs, there is slight hazard of erosion. In 
extremely wet periods, there is a slight equipment limi
tation on the Holmdel and Barclay soils. 
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WOODLAND SUITABILITY GROUP 2 

This group consists of nearly level to strongly sloping ~oils that have a moderate to high available moisture capacity and a clayey subsoil. Their natural fertility ranges from low to moderate. Drainage ranges from good to somewhat poor. The soils are-
KrA Kresson sandy loam, 0 to 3 percent slopes. McC3 Marlton soils, 5 to 10 percent slopes, severely eroded. M r A Marlton sandy loam, 0 to 2 percent slopes. M rB Marlton sandy loam, 2 to 5 percent slopes. M o Moderately wet land. 

This group is well suited to high-quality hardwoods, especially yellow-poplar and oaks. Sweetgum grows in places on Kresson sandy loam and Moderately wet land but rarely on the other soils. 
Seedling mortality is moderate to severe on the severely eroded Marlton soils. Plant competition is moderate on Kresson sandy loam and Moderately wet land and is slight on the other soils in the group. In old fields, plantings of white pine and yellow-poplar are successful. Special plantings for this group include Christmas trees, trees for fenceposts, holly, and laurel. Black locust should not be planted on the Kresson soil and on Moderately wet land. 

WOODLAND SUITABIUTY GROUP 3 
This group consists of nearly level to strongly sloping soils that are somewhat droughty and are low in natural fertiEty. The texture of their subsoil ranges from coarse to fine. The natural drainage of the soils in this group ranges from good to somewhat poor. The soils are-

Am A 
AmB 
ArA 
ArB 
AtB 
AvB 

[

Do A 
It DsA 

_.. DsB 
DtC 
DxC 
FnB 

KmA 
WtA 

Aura loamy sand, 0 to 2 percent slopes. Aura loamy sand, 2 to !i percent slopes. 
Aura sandy loam, 0 to 2 percent slopes. Aura sandy loam, 2 to 5 percent slopes. Aura-Downer loamy sands, 0 to 5 percent slopes. Aura-Downer sandy loams, 0 to 5 percent slopes. Downer loamy sand, 0 to 5 percent slopes. Downer sandy loam, 0 to 2 percent slopes. Downer sandy loam, 2 to 5 percent slopes; Downer soils, 5 to 10 percent slopes. 
Downer-Aura complex, 5 to 10 percent slopes. Freehold sand, thick surface variant, 0 to 5 percent slopes. 
Klej loamy sand, 0 to 2 percent slopes. 
Woodstown and Klej loamy sands, 0 to 3 percent slopes (Klej part). 

Because this group does not produce hardwoods of good quality, pines should be favored. Native pines include pitch, shortleaf, and Virginia. All three species are good for pulpwood, but shortleaf pine is best for sawtimber. Prescribed burning can be used to reduce the hazard of wildfire and to prepare a more favorable seedbed for pines. The site index varies widely. It is affected b,v rooting depth, by the moisture in the soil, and by soil texture. 
Plant competition is slight to moderate for pines. The windthrow hazard is slight on these soils. 
Christmas trees and black locust for posts can be planted on the soils of this group. 

WOODLAND SUIT ABIUTY GROUP 4 
This group consists of nearly level, poorly drained and very poorly drained, loamy mineral soils and Loamy alluvial land. Their natural fertility ranges from low to moderate. The soils are-

Cm Colemantown loam. 
Fd Fallsington sandy loam. 
Lv Loamy alluvial land. 
Pa Pasquotank fine sandy loam. Ps Pocomoke sandy loam. 
Sw Shrewsbury fine sandy loam. Wd Weeksville fine sandy loam. 

These soils are well suited to hardwoods, especially oaks and sweetgum. The site index for sweetgum on the FaJ.lsington and Pocomoke soils is considerably lower than average in areas where the sand is predominantly medium and coarse. Where Loamy alluvial1and contains much glauconite, it has a high site index for sweetgum (6). 
Holly could be planted or developed from natural stands on aH soils of the group except Loamy alluvial land. On this land type the competition from other plants is too great, and flooding is a constant hazard. Excessive wetness on the soils of this group frequently limits the use of some equipment. 

WOODLAND SUITABIUTY GROUP 5 
(Mu) Muck, the one soil in this group, is a nearly level, very wet organic soil. Atlantic white-cedar is the principal commercial species suited to this soil. Poorly shaped red maple and sweetbay magnolia occupy the area after Atlantic white-cedar has been cut. White-cedar, however, could be reestablished through the use of chemicals and direct seeding, but the success would depend on the amount of animal damage. On this soil excessive browsing by deer frequently prevents the survival and growth of enough white-cedar seedlings. In areas where the muck is shallow, pitch pine may be abundant enough to favor in the stand. 

The use of equipment is severely limited by a high water table and by the unstable, saturated muck. Corduroy roads are generally necessary. The windthrow hazard is severe. 
WOODLAND SUITABIUTY GROUP 6 

This group consists of nearly level to steep, droughty, infertile, sandy soils. The soils are-
LaA Lakehurst sand, 0 to 3 percent slopes. LbA Lakehurst-Lakewood association, 0 to 5 percent slopes. LcB Lakeland fine sand, firm substratum, 0 to 5 percent slopes. 
Ld A Lakeland sand, 0 to 5 percent slopes. LeA Lakeland sand, water table, 0 to 2 percent slopes. LfB Lakewood fine sand, 0 to 5 percent slopes. LfC Lakewood fine sand, 5 to 10 percent slopes. Lf D Lakewood fine sand, 10 to 25 percent slopes. LgB Lakewood sand, 0 to 5 percent slopes. LgC Lakewood sand, 5 to 10 percent slopes. Lh E Lakewood and Lakeland sands, 10 to 30 percent slopes. 

This group consists of the common upland soils in an area called the New Jersey pine region. These soils are best suited to pitch and shortleaf pines. 
Plant competition is from scrub oak and other oaks, especially in areas where wildfires have been numerous. Productivity on these soils has been limited mostly by wildfires. 

WOODLAND SUITABILITY GROUP 7 
This group consists of nearly level, very wet, infer-tile, sandy soils. The soils are-

Lo Leon sand. 
Ls Leon-St. Johns sands. 
Sa St. Johns sand. 
Sc St. Johns sand, clayey substratum. Sv Sandy alluvial land. 
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This group consists of the poorly drained and very 
poorly drained soils of the area called the pine region. 
These soils are best suited to :pitch pine. Atlantic white
cedar is the species to favor m the stand on some areas 
of St. Johns soils and on some of Sandy alluvial land. 

Windthrow hazard is moderate on all soils except 
Sandy al·luvial land. It is severe on this land type. 

In wet periods there are equipment limitations on the 
St. Johns soils and on Sandy alluvial land. 

Use of Soils for Wildlife 
In this section the suitability of the soils for specific 

wildlife hwbitats and for kinds of wildlife is discussed. 
Suirtabi!lity ratings are given in twble 5. 

Suitability of soils for wildlife habitats 
In this section the various wildlife habitats are dis

cussed, and the soils of the county are rated ac~ording 
to their suita;bility for the establishment, improvement, 
or maintenance of each kind of ha;birtat. The suitJability 

ratings are given in table 5. These ratings are defined 
in the table. 

Clay pits, Made land, Sand and gravel pits, Tidal 
marsh-Made land complex, and soils in mapping units 
that contain urban land complexes do not provide a 
suitable habitat for wildlife and therefore are not rated 
in table 5. 

Soil ratings for the habitats listed in the table are 
explained as follows: 
Grain and Seed Crop ·Habitat: The soils are rated ac

cording to their suitability for producing corn, sor
ghum, millet, soybeans, wheat, barley, oats, and other 
grain used as food by wildlife. 

Grass and Legume Habitat: The soils are rated accord
ing to their suitability for producing introduced 
grasses, herbaceous legumes, and other forage crops 
commonly grown in the area. Cultivated grasses and 
legumes valuable for wildlife food and cover include 
alfalfa, clover, lespedeza, bluegrass, bromegrass, red
top, fescue, and orchardgrass. 

TABLE. 5.-Suitability of the soils for wildlife habitats and kinds of wildlife 

[Soils rated 1 are well suited; 2, suited; 3, poorly suited; and 4, unsuited. Some soils that are not suitable for wildlife are not listed] 

Kind of habitat Kind of wildlife 

Wild Hardwood Coniferous 
Soil series and map symbols. Grain Grass her- woodland woodland Wet- Shal- Exca- Open- Wood- Wet-

and and ba- plant plant land low vated land land land 
seed leg- ceo us plant water pond wild- wild- wild-
crop ume up- life life life 

land Up- Low- Up- Low-
plant land land land land 

----1-------------------
Aura: 

Am A, AmB ___ ---------------------- 2 2 2 2 ------ 3 ------ 4 4 4 2 2 4 
ArA, ArB, AtB, AvB _________________ 

2 1 1 2 ------ 3 ------ 4 4 4 2 2 4 

Coleman town: C m ________________________________ 
3 2 2 ------ 1 ------ 2 1 1 1 2 1 1 

Collington: 
CoA------------------------------- 1 1 1 1 ------ 3 ------ 4 4 4 1 1 4 
CoB------------------------------- 2 1 1 1 ------ 3 ------ 4 4 4 1 1 4 

Downer: 
Do A, OrA-----------------------~-- 2 2 2 2 ------ 3 ------ 4 4 4 2 2 4 
DsA, DsB, DtC, Dxc ________________ 2 1 1 2 ------ 3 ------ 4 4 4 2 2 4 

Fallsington: 
Fd--------------------------------- 3 2 2 ------ 1 ------ 2 1 1 1 2 1 1 

Freehold: 
FfA-------------------------------- 1 1 1 1 ------ 3 ------ 4 4 4 1 1 4 
FfB, FfC--------------------------- 2 1 1 1 ------ 3 ------ 4 4 4 1 1 4 
FhB, FhC __________________________ 

2 2 2 2 ------ 3 ------ 4 4 4 2 2 4 
FnB------------------------------- 3 3 3 3 ------ 1 ------ 4 4 4 3 3 4 
FsE------------------------------- 4 3 1 1 ------ 3 ------ 4 4 4 3 1 4 
FtD--------------------~----------- 3 2 1 1 ------ 3 ------ 4 4 4 2 1 4 

Holmdel: 
HdA, HfA __________________________ 

2 1 1 1 1 3 3 I 2, 3 I 2, 3 I 2, 3 1 1 I 2, 3 

Klej: 
KmA __ -- __________ -- _·_· __ ---------- 3 2 2 3 ------ 1 ------ 3 3 3 2 3 3 

Kresson: 
KrA------------------------------- 2 1 1 1 1 3 ------ 2 2 2 1 1 2 
See footnotes at end of table. 
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Soil type 

Site 
number I 

I 
I 

Aura loamy sand. 10 

I 
Aura loamy sand. 21 

I Aura sandy loam. 16 

I Collington fine sandy. 40 

Downer sandy loam. 3 

DownersandyloaiTL 4 

1..( DownersandyloaiTL 9 

Downer loamy sand 11 

Freehold fine sandy 14 
loam. 

Freehold fine sandy 18 
loam. 

Freehold fine sandy 19 
loam. 

See footnotes at end of table. 
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TABLE 6.-Engineering 
[Tests performed by the College of Engineering, Rutgers University, in accordance with 

Sampling site Test results 

Sieve analysis 

Depth 
Latitude Longitude Cumulative percentage passing-

~inch No.4 No. 10 No. 40 No. 200 
(4.7 mm.) (2 mm.) (0.42 mm.) (0.074 mm.) 

Dtgreu, minutu, Degrua, minuka, 
&eCondl 8econdl Inclaea 

39°43'11" 74°59'08" 0 to 14 93 80 73 55 11 14 to 30 99 94 92 79 40 
30 to 52 100 99 99 89 33 52 to 72 100 100 99 79 30 

39°46'58" 74°55'12" 0 to 3 ---------- -------- -·- ---------- -~-----76- ------------3 to 14 100 96 92 7 14 to 18 ---------- ---------- ---------- ---------- ------------18 to 40 100 100 100 97 25 40 to 60 100 100 98 95 11 
60 to 84 100 100 100 95 3 

39°55'43" 75°01'10" 0 to 6 95 88 83 55 36 6 to 20 90 73 70 38 22 
20 to 84 82 59 54 27 10 84 to 108 100 100 99 69 16 

39°51'58'' 75°00'30" 0 to 10 100 100 100 92 49 
10 to 34 100 100 99 87 45 
34 to 60 100 100 99 89 48 
60 to 84 100 100 98 90 29 

39°49'47" 74°55'30" 0 to 2 ---------- ---------- ---------- ---------- ------------2 to 20 98 89 86 65 20 20 to 60 97 77 71 55 20 60 to 90 100 100 99 84 6 
39°45'40" 74°56'29" 0 to 20 86 68 63 48 22 20 to 100 87 61 56 39 22 100 to 220 100 99 92 48 7 220 to 400 95 91 84 41 9 
39°44'19" 75°00'19" 0 to 3 ---------- ---------- ---------- ---------- ------------3 to 16 100 100 98 81 34 16 to 36 100 98 96 83 39 

36 to 54 94 65 56 40 12 54 to 66 96 72 68 32 2 
39°43'08" 74°50'17" 0 to 3 100 97 93 59 16 3 to 16 100 95 94 58 23 16 to 26 90 74 67 52 16 26 to 36 ---------- ---------- ---------- ---------- ------------36 to 64 100 100 93 30 6 
39°52'06" 75°05'43" 0 to 6 100 100 99 83 35 6 to 18 100 100 100 84 42 18 to 42 100 100 100 89 28 42 to 72 100 100 99 84 24 
39°54'15" 75°00'43" 0 to 8 100 100 100 92 37 

8 to 24 100 100 100 95 43 24 to 40 100 100 100 92 27 
40 to 72 100 100 99 85 10 

39°54'45" 75°00'00" 0 to 8 100 100 98 93 27 
.8 to 24 100 100 99 94 36 24 to 48 100 100 98 93 27 

48 to 72 100 100 99 93 17 
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I test data 
standard procedures of the American Association of State Highway Officials (AASHO) (1)] 

I 
I 
I 
I 

Hydrometer analysis 

0.05-
0.005 mm. 

Pncent 

<0.005 
mm. 

Percent 

17 21 
7 27 

Test results-Continued 

Liquid 
limit I 

Percent 
NL 
23 
28 

NL 

Plasticity 
index 2 

Percent 
NP 

7 
10 

NP 

Maximum 
density 

Optimum 
moisture 
content 

Lb. per cu. ft. Perctnt 

Classification 

AASHO 

Group 

A-2-4 _______ _ 
A-4----------A-2-4 _______ _ 
A-2-4 _______ _ 

Group 
index 

0 
1 
0 
0 

47 

Unified 3 

SP-SM. 
SM-SC. 
sc. 
SM. 

NL NP -------------- -------------- A-3 _________ _ 0 SP-SM. 
24 

4 18 

16 27 
24 20 
7 19 

7 13 

1------------is- -----------24-

1~~~============ ======~======= 
( 

1--------------- --------------
' 
~=~===~========= ~=~~~~~~~===~~ 

27 
NL 
NL 

NL 
37 

NL 
NL 

NL 
31 
27 
31 

NL 
18 

NL 

NL 
32 

NL 
NL 

NL 
NL 
NL 
NL 

NL 
NL 
NL 

NL 

NL 
21 

NL 
NL 

NL 
28 

NL 
NL 

NL 
NL 
NL 
NL 

9 
NP 
NP 

NP 
14 

NP 
NP 

NP 
13 
9 

14 

NP 
5 

NP 

NP 
10 

NP 
NP 

NP 
NP 
NP 
NP 

NP 
NP 
NP 

NP 

NP 
6 

NP 
NP 

NP 
9 

NP 
NP 

NP 
NP 
NP 
NP 

115 15 
117 13 

114 16 
111 12 

--------------~--------------

--------------~--------------

==~~=~~~===~==~=====~==~~=~~~ 

A-2-4 _______ _ 
A-2-4 _______ _ 
A-3 _________ _ 

A-4 _________ _ 
A-2-6 _______ _ 
A-l-b ______ _ 
A-2-4 _______ _ 

A-4 _________ _ 
A-6 ________ _ 
A-4 _________ _ 
A-2-6 _______ _ 

A-2-4--------A-2-4 _______ _ 
A-3 _____ -_---

A-l-b ______ _ 
A-2-4--------A-l-b ______ _ 
A-l-b ______ _ 

A-2-4--------A-4 _________ _ 
A-1-b ______ _ 
A-1-b ______ _ 

A-2-4 _______ _ 
A-2-4 _______ _ 
A-2-4 _______ _ 

A-1-b-------

A-2-4--------A-4 _________ _ 
A-2-4 _______ _ 
A-2-4 _______ _ 

A-4 _________ _ 
A-4 _________ _ 
A-2-4 _______ _ 
A-3 _________ _ 

A-2-4 _______ _ 
A-4 _________ _ 
A-2-4 _______ _ 
A-2-4 _______ _ 

0 
0 
0 

0 
0 
0 
0 

3 
3 
3 
1 

0 
0 
0 

0 
0 
0 
0 

----------0 
1 
0 
0 

0 
0 
0 

0 

0 
1 
0 
0 

0 
2 
0 
0 

0 
0 
0 
0 

sc. 
SP-SM. 
SP. 

SM. 
sc. 
SP-SM. 
SM. 

SM. 
sc. 
sc. 
sc. 

SM. 
SM-SC. 
SP-SM. 

SM. 
GC. 
SP-SM. 
SP-SM. 

SM. 
SM. 
SM. 
SP. 

SM. 
SM; 
SM. 

SP-8M. 

SM. 
SM-SC. 
SM. 
SM. 

SM. 
sc. 
SM. 
SP-SM. 

SM. 
SM. 
SM. 
SM. 
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TABLE 6.-Engineering 

I 
.. Sampling site Test results 

Sieve analysis 

I 
Soil type 

Site 
number 

Latitude Longitude 
Depth 

Cumulative percentage passing-

~~inch No.4 No. 10 No. 40 No. 200 

I 
J 

(4.7 mm.) (2 mm.) (0.42 mm.) (0.074 mm.) 

Degrttl, minu.tea, Degrua, minu.te1, 
ltcondl ltCOrnJI lnchu 

Freehold loamy fine 28 39°51'27" 75°03'47" 0 to 20 100 100 100 83 4 

I 
sand. 20 to 42 100 100 100 86 12 

42 to 44 ---------- ---------- ---------- ---------- ------------44 to 100 100 100 100 89 6 
100 to 130 100 100 100 96 17 
130 to 160 100 100 100 96 11 

I t Freehold loamy fine 29 39°51'55" 75°01'40" 0 to 6 100 100 99 68 4 
sand. 6 to 20 100 99 97 65 3 

20 to 42 99 99 98 76 22 
42 to 76 100 100 100 76 12 

I ~ Freehold sand, thick 32 39°53'17" 74°59'33" 0 to 24 100 100 100 98 5 surface variant. 24 to 52 100 100 100 90 6 
52 to 72 100 100 100 92 15 
72 to 84 100 100 100 94 7 

I i Freehold sand, thick 33 39°54'02" 74°48'00" 0 to 10 100 100 100 95 14 
surface variant. 10 to 30 100 100 100 93 13 

30 to 44 100 100 99 95 29 
44 to 60 100 100 100 96 32 

·I 
60 to 84 100 100 98 93 10 

Howell loam 4• 13 39°53'36" 75°05'18" 0 to 8 99 96 96 78 46 
8 to 26 99 98 98 87 58 

26 to 36 100 100 100 90 66 

I 
36 to 70 100 99 98 72 25 
70 to 90 100 100 98 65 12 
90 to 100 100 100 99 89 66 

Howell loam •. 42 39°57'10" 75°02'11" 0 to 6 100 100 99 94 48 

I 
6 to 24 100 100 100 97 65 

24 to 48 100 100 100 96 67 
48 to 64 100 98 97 83 28 

Howell loam 4• 45 : 39°52'28" 75°06'20" 0 to 20 99 94 93 76 44 
~0 to 36 100 100 100 93 84 

I 36 to 60 100 100 99 90 83 
60 to 96 100 100 100 93 78 

Howell loam 4• 46 39°57'17" 75°01'36" 0 to 18 96 94 92 82 53 
18 to 48 99 97 96 91 68 

I 48 to 92 100 100 100 99 64 
92 to 120 100 100 96 94 36 

Kresson sandy loam. 36 39°50'52" 75°00'59" 0 to 12 100 96 76 51 34 
12 to 30 100 100 100 97 75 

I 30 to.42 100 100 97 78 39 
Kresson sandy loam. 38 39°52'27" 74°56'18" 0 to 12 100 100 100 94 74 

12 to 24 100 100 98 95 84 
24 to 60 100 100 100 81 45 

I Kresson sandy loam. 39 39°52'33" 74°58'05" 0 to 6 80 62 59 53 39 
6 to 24 100 100 99 98 95 

24 to 60 100 100 100 100 97 

I 
Lakewood fine sand. 23 39°46'18" 75°01'19" 0 to 6 100 100 95 75 9 

6 to 36 100 100 100 81 9 
36 to 48 100 100 99 80 5 
48 to 60 100 100 100 72 8 
60 to 84 98 88 78 59 6 

I See footnotes at end of table. 
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test data-Continued 

Hydrometer analysis 

0.05-
0.005 mm. 

<0.005 
mm. 

Perunt Percent 

15 

33 

51 
39 
42 

24 
25 

47 

23 

27 

26 
43 
33 

40 
37 

34 
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Test results-Continued Classification 

Liquid 
limit I 

Percent 
NL 
NL 

NL 
NL 
NL 

NL 
NL 
NL 
NL 

NL 
NL 
NL 
NL 

NL 
NL 
NL 
NL 
NL 

21 
NL 

27 
NL 
NL 
32 

NL 
22 
23 

NL 

32 
57 
60 
55 

23 
48 
49 

NL 

45 
61 
49 

31 
34 
30 

37 
53 
45 

NL 
NL 
NL 
NL 
NL 

Plasticity 
index 2 

Percent 
NP 
NP 

NP 
NP 
NP 

Maximum 
density 

Optimum 
moisture 
content 

Lb. peT cu./t. Percent 

AASHO 

Group 

A -3 _________ _ 
A-2-4 _______ _ 

A -3 __ - -- - -- - -A-2-4 _______ _ 
A-2-4 _______ _ 

NP 
NP 
NP 
NP 

____ ------ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ A-3 ___ -------
104 14 A-3----------

NP 
NP 
NP 
NP 

NP 
NP 
NP 
NP 
NP 

6 
NP 

6 
NP 
NP 

8 

NP 
4 
6 

NP 

115 13 

112 13 

125 10 

12 -------------- --------------24 
24 
24 

8 
20 
17 

NP 

89 
89 

90 
90 

28 
28 

30 
30 

13 -------------- --------------26 86 33 
17 95 29 

9 -------------- --------------11 
12 

12 -------------- --------------20 90 31 
12 95 27 

NP 
NP 
NP 
NP 
NP 

109 

111 

11 

13 

A-2-4 _______ _ 
A-2-4 _______ _ 

A-3----------
A-3 ___ -------A-2-4 _______ _ 
A-3----------
A-2-4 _______ _ 
A-2-4 _______ _ 
A-2-4 _______ _ 
A-2-4 _______ _ 
A-3 _________ _ 

A-4----------A-4 _________ _ 

A-4----------A-2-4 _______ _ 
A-2-4 ____ ----A-4 _________ _ 

A-4 _________ _ 
A-,.4 _____ -- __ _ 
A-4 _________ _ 
A-2-4 _______ _ 

A-6 _________ _ 
A-7-5 _______ _ 
A-7-5 _______ _ 
A-7-5 _______ _ 

A-4----------A-7-6 _______ _ 
A-7-5 _______ _ 
A-4----------
A-2-7 _______ _ 
A-7-5 _______ _ 
A-7-5 _______ _ 

A-4----------A-6 _________ _ 
A-6 ____ - ____ -

A-6 _________ _ 
A-7-5 _______ _ 
A-7-5 _______ _ 

A-3 _________ _ 
A-3 _________ _ 
A-3 _________ _ 
A-3 _________ _ 
A-3 _______ - __ 

Group 
index 

0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Unified a 

SP. 
SP-Sl\1. 

SP-Sl\1. 
SM. 
SP-SM. 

SP. 
SP. 
SM. 
SP-S:i\1. 

SP-S:i\1. 
SP-Sl\1. 
SM. 
SP-SM. 

0 SM. 
0 SM. 
0 SM. 
0 SM. 
0 SP-SM. 

2 
5 
6 
0 
0 
6 

SM..,.SC. 
ML. 
CL-ML. 
SM. 
SP-SM. 
ML-CL. 

3 SM. 
6 CL-ML. 
6 CL-ML. 
0 SM. 

2 
17 
18 
17 

sc. 
MH. 
MH. 
MH-CH. 

4 CL. 
12 ML-CL. 
10 ML. 
0 SM. 

1 
18 
3 

8 
8 
2 

2 
14 
10 

SM. 
MH. 
SM. 

CL-ML. 
CL. 
CL. 

GC. 
MH. 
ML. 

0 SP-SM. 
0 SP-SM. 
0 SP-SM. 
0 SP-SM. 
0 SP-SM. 
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Map 
symbol 

Do A 
DsA 
DsB 
DtC 
DxC 

Dr A 

Fd 

FfA 

FfB 

FfC 

FhB 

FhC 

FsE 
FtD 

FnB 

-? FxB 

FxC 

Fy 

HdA 

HfA 

Soil name 1 

Depth to 
seasonally 
high water 

table 

Downer loamy sand, 0 to 5 percent slopes. 5 to 10 feet. 
Downer sandy loam, 0 to 2 percent slopes. 
Downer sandy loam, 2 to 5 percent slopes. 
Downer soils, 5 to 10 percent slopes. 
Downer-Aura complex, 5 to 10 percent 

slopes (Downer part). 

Downer loamy sand, clayey substratum, 5 to 10 feet. 
0 to 5 percent slopes. 

Fallsington sandy loam. 1 foot. 

Freehold fine sandy loam, 0 to 2 percent 5 to 10 feet 
slopes. or more. 

Freehold fine sandy loam, 2 to 5 percent 
slopes. 

Freehold fine sandy loam, 5 to 10 percent 
slopes. 

Freehold loamy fine sand, 0 to 5 percent 
slopes. 

Freehold loamy fine sand, 5 to 10 percent 
slopes. 

Freehold soils, 15 to 30 percent slozes. 
Freehold and Collington soils, 10 to 15 

percent slopes (Freehold part). 

Freehold sand, thick surface variant, 0 to 5 to 10 feet 
5 percent slopes. or more. 

Freehold and Downer-Urban land com- 5 feet or 
plex, gently sloping (Urban land part). more. 

Freehold and Downer-Urban land com
plex, sloping (Urban land part). 

Freehold and Downer, clayey substrata, 3 feet or . 
Urban land complex (Urban land part). more. 

Holmdel fine sandy loam, 0 to 3 percent 2 to 3 feet. 
slopes. • 

Holmdel loamy fine sand, 0 to 3 percent 
slopes. 

See footnotes at end of table. 

TABLE 7.-Briej description of the soils and their 

Description of soil 

About 1 to 1~~ feet of loamy sand or sandy loam over 1 
foot of sandy loam; underlain by stratified, loose loamy 
sand or sand; in places, contains rounded quartzose 
gravel up to 2 inches in diameter and 1 to 5 percent by 
volume; in intermediate positions. For data on the 
Aura part of Downer-Aura complex, see Aura loamy 
sand and Aura sandy loam. 

About 1H feet of loamy sand over 1 foot of sandy loam; 
underlain by stratified loamy sand and sandy loam that 
contain layers of sandy clay; in intermediate positions. 

About 2 feet of sandy loam over stratified loamy sand and 
sandy loam; in places, contains small amount of 
rounded quartzose gravel up to 2 inches in diameter; 
soil is in low positions; slope ranges from 0 to 2 percent; 
soil originally ponded from late in fall until early in 
spring. 

Freehold soils have about 1 or 1}~ feet of fine sandy loam 
or loamy fine sand over loamy sand or sandy loam; 
underlain by stratified loamy fine sand and sandy loam, 
weakly cemented with iron in places; in high positions. 
For data on Collington soil in Freehold and Collington 
soils, see Collington fine sandy loam. 

About 2~~ feet of loose sand over 1 to 1% feet of fine sandy 
loam; underlain by stratified loamy fine sand and fine 
sandy loam; in high positions. 

About 5 feet of mixed loamy sand and sandy loam; in high 
positions; slope ranges from 0 to 5 percent. For data 
on Freehold part of this complex, see Freehold fine 
sandy loam and Freehold loamy fine sand. For data 
on Downer part, see Downer loamy sand and Downer 
sandy loam. 

About 2 to 3 feet of mixed loamy sand or sandy loam un
derlain by layers of sandy clay; in high positions. For 
data on Freehold part of this complex, see Freehold 
fine sandy loam. For data on Downer part, see 
Downer loamy sand, clayey substratum. 

About 10 inches to 1% feet of fine sandy loam or loamy 
fine sand over 1% to 2 feet of fine sandy loam or fine 
sandy clay loam; underlain by stratified fine sandy 
loam and loamy fine sand; in intermediate positions. 

Depth 
from 

surface 

In diu 
0-18 

18-30 
30-60 

0-16 

16-30 
30-60 

0-241 
24-60 

0-15 

15--42 

42-60 

0-30 

30-40 

40-60 

0-60 

0-30 

30-fiO 

0-lll 

10-34 

34-60 
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tstimated physical and chemical properties-Continued 

I 
Classification 

I 
Mechanical analysis 

Permea- Available Shrink-swell 
Percentage passing sieve-- bility water Reaction 2 potential 

USDA texture Unified AASHO capacity 

No. 431 I 
I 

No. 10 No. 40 No. 200 

Incht8 per lnchu per 
hour inch of 1oil pH 

Loamv sand or SP-SM or .\-2 or A-3__ 80-100 70-100 50-90 10-30 0. 63-2. 0 0. 10-0. 14 4. 0-4. 5 Low. 
sandy loam. SM. 

Sandy loam ____ SM ________ A-2 ________ 80-100 70-90 .50-90 15-35 0. 63-2. 0 0. 12 4. 5-5. 0 Low. 
Loamv sand or SP-Sl\I ____ A-2 or A-3_ 70-100 60-100 40-70 10-20 2. 0-6. 3 0. 08 4. 5-5. 0 Low. 

sand. 

I 
I 
I Loamy sand ____ SP-Sl'v! or A-2 or A-3_ 90-100 85-95 40-60 10-20 0. 63-2. 0 0. 10 4. 0-4. 5 Low. 

SM. 
Sandy loam ____ SM ________ A-2 ________ 90-100 85-95 40-60 15-25 0. 63-2. 0 0. 12 4. 5-5. 0 Low. 
Loamy sand SP-SM or A-2 or A-4_ 70-90 60-80 40-60 10-50 0. 63-2. 0 0. 10 4. 5-5. 0 Low to mod-

and sanely Sl\'1. erate. 
clay. I 

Sandy loam ____ 
1 

S:\L_ ______ A-2 or A-4_ 9.')-100 9.')-100 60-80 30-40 0. 63-2. 0 j 0. 15 4. 0-4. 5 Low. 
Loamy sand ___ -I SP-Sl\L ___ .\-2, A-3, !)5-100 90-100 50-80 10-40 2. 0-6. 3 j 0. 10 4. 5-5. 0 Low. 

or A-4. I 
Loam v fine sand SP-S:\I or .\-2, A-3, 100 d5-ln0 75-95 5-40 0. 2-2. 0 0. 15-0. 20 4. 0-4. 5 Low. 

or tine sandy S:\I. or A-4. 
loam 

I 
Fine sandy clay S:\I-SC ____ A-2 or A-4_ 100 95-100 75-95 10-45 0.63-2.0 0. 18 4. 5-5. 0 Low to 

loam. moderate. 
Loamv sand and SP-S:\I or A-2 or A-:L 100 90-100 70-90 10-30 0. 63-6. 3 0. 15 4. 5-5. 0 Low. 

sandy loam. Sl\1. I 
I 

Sand __________ SP or SP- A-2 or A-3_ 100 98-100 60-100 5-15 2.0-6. 3 0. 10 4. 0-4. 5 Low. 
SM. 

Fine sandy S::\L_ ______ A-2 ________ 100 95-100 80-100 15-30 0. 63-2. 0 0. 15 4. 5-5. 0 Low. 
loam. I 

Fine sand ______ SP-SM or A-2 or A-3_ 100 !)5-100 75-95 5-15 6. 3+ 0. 12 4. 5-5. 0 Low. 
S:\I. 

Sandv loam or S:\1 or SP ___ A-2 ________ 90-100 85-100 60-90 10-30 0. 63-2.0 0. 15 4. 5-5. 0 Low. 
loa"my sand. • I 

' 

I 
Sand v loam or SM or A-·2 _______ 9(}-·100 85-·100 60-90 10-30 0. 63-2. 0 0. 15 4. 5-5. 0 Low. 

loa"mv sand. SP-·SM. 
Sandy clay _____ sc ________ A··2, A-4, 95-100 85-·100 60-90 2(}-·50 0. 63-2. 0 0. 20 4. 5-·5. 0 Low to 

or A-6. moderate I 
Fine sandy SM or A-2, A-3, 100 !)5-100 75-95 5-40 0. 63-2.0 j 0. 15-·0. 20 4. (}-·4. 5 Low. 

loam or loamy SP-·SM. or A-·4. 
fine sand. 

Fine sandy SM or SC __ A-·2 or A-4_ 100 95-·100 75-95 15-50 0. 63 .. 2.0 • 0. 18 4. 5-5. 0 Low. I 
loam or fine 
sandy clay 
loam. 

Loamv fine sand SM or A·-2 or A-·3_ 100 90-100 70-95 5-·25 0. 63-6. 3 4 0. 15 4. 5-·5. 0 Low. 
and fine SP··SM. I 
sandy loam. I 

I 
I 
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TABLE 8.-Engineering 

I Suitability for-:- Features affec'&Dlng engineering practices 

I 
Susceptibility 

Soil and map symbol 1 to frost 
Im]jlllllliD.dments 

action Gravel Road subgrade Road fill 
i 

Reservoir area: Dikes or embankments 

I 
Aura, (AmA, AmB, Low to Good for road Good ________ Good._------ Permeable sub- : Stable; good for core, 

ArA, ArB). mod- gravel. stratum. fair for shell. 

erate. 

I 
I 
I 
I 
I 

Aura-Downer (AtB, Low_------ Fair for road Fair _________ 
Good._------ Not suitable; per~ Stable; good for core, 

AvB). gravel. meable sub- t fair for shell. 
stratum. 

Coleman town (Cm) __ High _______ Not suitable ____ Poor _________ Fair _________ Slowly permeabl(t j Stabl• to f•idy .tabl•; 
substratum;- ' impervious for core and 
high water . shell; substratum 
table. ', sandy. 

Collington (CoA, Low to Not suitable ____ Fair _________ Good ___ -_____ Permeable sub- 1: Fairly stable; good for 

CoB). mod-
stratum. :

1 

core, fair for shell; 

erate. 
1 sandy substratum. 

Downer (DoA, OrA, Low _______ Not suitable ____ Good ________ Good __ ------ Rapidly perme- i, Stable; good for core; 

DsA, DsB, DtC, 
able sub- ~ sandy substratum. 

DxC). 
stratum. 

Fallsington ( F d) _____ Low to Not suitable. ___ Fair __________ Good."------- Permeable sub- ;I Fairly stable; good for 

moderate. 
stratum; high · core, fair for shell; 
water table. sandy substratum. 

Freehold (Ff A, FfB, Low _______ Not suitable ____ Fair __________ Good. _________ Permeable sub- I! Fairly stable; impervious 

FfC, FhB, FhC, 
stratum. when compacted; 

FsE, FtD). 
sandy substratum. 

Freehold sand, thick Low _______ Not ·suitable ____ Fair _________ Good... _______ Permeable sub- Suitable in homogenous 

I 
surface variant 

stratum. mixture. 

(FnB). 
' 

Holmdel (HdA, HfA)_ Low __ ----- Not suitable_._. Fair _________ Good ... __ . ___ Permeable sui>- Fairly stable; impervious 

I 
I 

stratum. when compacted; rap-
idly permeable sub-
stratum. 

Klej (KmA) _________ Low •..•.... Not suitable •... Fair ••••.••.. Good... _______ Rapidly perme.-· Rapid permeability; low 
able. i cohesion; fairly stable 

in flat areas. 

Kresson (KrA) _______ Moderate ... Not suitable ••.. Fair to poor ... Good .... _ .... Seepage unlikely 1 Stable; impervious; 
slowly perme- sandy substratum. 
able substratQIIDl.. 

Lakehurst (LaA, Low ...•.•• Not suitable. _ .. Fair to good .. Good •....... Rapid permeabt!- Fairly stable; rapid per-

LbA). 
ity. ~eability; low co he-

SlOn. 

Lakeland fine sand, Low •.....• Fair for road Fair to good •• Good._ .. __ •. Rapid permeaihi!l- Fairly stable; rapid per-

firm substratum gravel. ity. meability; low cohe-

(LcB). 
sion. 

Lakeland ( Ld A, Low .. _____ Not suitable .• _. Fair ••......• Good •.•..••• Rapid permeabil!- Fairly stable; rapid per-

LeA). 
ity. ~eability; low cohe-

SlOn. 

Lakewood (LfB, Low •. _--.-- Not suitable .•.. Fair ••••.•..• Good ...•.••• Rapid permeabf"l- Fairly stable; rapid per 

LfC, LfD, LgB, 
ity. meability; low cohe-

LgC, LhE). 
sion. 

Leon (Lo, Ls) •••• _ .. Low to Not suitable __ ._ Fair .•.•..... Good ....•••• Permeable 1!_. Fairly stable; rapid per 

moder-
stratum. meability; low cohe-

ate. 
sion. 

See footnote at end of table. 



I 
~ations of the soils 

Dugout ponds 

j- . 
Low water table· rcserYoir 

m m; L be sealed. 

Ll· water table: reserYoir 
must be sealed. 

I.h \\'ater table; slow re
• argc. 

fJ· water table: re~N\'Oir 
lUSt be s<,aled. 

I 
suitable: rapidly p<,rme

ble substratum. 

Uapid !'<'charge: high wau·r 
~ble. 

r(, water table _____ . _. _. _. _ 

I water table ____ .. __ ... _ .. 

I water table in summer; 
apidly permeable sub
ratum. 

watPr table in summer; 
apidly pNmeable sub
ratum. 

~low recharge: moderately 
11igh water table. 

Low water table in summer; 

l apidly permeable sub. 
tratum. 

Rapid permeability; low water 
table. 

lw water table _____________ _ 

l w water table; rapid perme
bility. 

l pid recharge; high water 
able. 

I 776-501-uH--5 

I 
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Features affecting engineering· practices-Continued 

Land smoothing 

Shallow surface soil and re
stricted root zone limit grad
ing to shallow cuts. 

Shallow surface soil and abrupt 
texture change limit grading 
to shallow cuts. 

Plastic nature of subsoil limits 
grading to shallow cuts . 

Suitable for deep cuts ______ . __ 

~hallow surface soil and abrupt. 
texture change limit. grading 
to medium depth. 

Shallow surface soil and abrupt 
texture change limit grading 
to shallow cuts. 

Agricultural drainage Irrigation 

Xot needed ___________________ Low water-holding capacity; 
slow to moderate perme
ability. 

X ot needed___________________ Low water-holding capacity; 
slow to rapid permeability. 

Excess surface water and pos
sibly ground water; slow 
permeability. 

High water-holding capacity; 
slow permeability. 

X ot needed___________________ High water-holding capacity; 
moderate permeability. 

Xot needed ___________________ Low water-holding capacity; 

:\[oderate permeability: season
ally high water table: sub
surface drainage needed. 

moderate permeability. 

:\[oderate water-holding capac
ity; moderate permeability. 

Suitable for deep cuts ______ .___ Not needed___________________ l\Ioderate water-holding capac-
ity; moderate to slow perme
ability. 

Suitable for deep cuts .. _ .. ___ ._ Not needed ___________________ Low water-holding capacity; 

Suitable for deep cuts. ________ _ ::'vloderate to moderatelv slow 
permeability; seasomi.lly high 
water table; subsurface drain
age satisfactory. 

Suitable for deep cuts __________ Rapid permeability; seasonally 

Sandy clay subsoil limits grad
ing to shallow cuts. 

Soil too infertile to justify 
smoothing. 

high water table; subsurface 
drainage satisfactory. 

Because of slow permeability, 
soil requires surface drainage 
and possibly subsurface drain
age. 

Soil too infertile to justify 
drainage. 

rapid permeability to a depth 
of 30 inches. 

:Moderate water-holding capac
ity; moderate to moderately 
slow permeability. 

Low water-holding capacity; 
· rapid permeability. 

High water-holding capacity; 
slow permeability. 

Soil too infertile to. justify irri
gation. 

Suitable for deep cuts__________ Not needed___________________ Very low water-holding capac
ity; rapid permeability to a 
depth of 30 inches. 

Suitable for deep cuts__________ Not needed___________________ Very low water-holding capac
ity; rapid permeability. 

Soil too infertile for leveling ____ !! Xot needed ___________________ Soil too infertile to justify irri-
gation. 

Suitable for moderate cuts; 
stockpiling and spreading 
surface soil may be needed. 

Moderate permeability; suit
able for controlled water 
table. 

Not needed; permanently high 
water table. 
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Urban group number and 
description 

Group 1: 
Nearly level to gently Co A 

sloping, well-drained 
soils that have a mod- CoB 
erate water-holding 
capacity. FfA 

FfB 

FxB 

Fy 

WaB 

Wr 

Group 2: 
Nearly level to gently AtB 

sloping, well-drained 
soils that have a AvB 
moderate to low 
water-holding ca-
pacity. I 

Do A 

Dr A 

if DsA 

~ DsB 

,lr FhB. 

-~ FnB 

.....::: ~FxB , 
J. Fy 

WfB 

Group 3: 
Nearly level to gently Am A 

sloping, well-drained 
soils that have a firm AmB 
substratum. 

ArA 

ArB 

AtB 

AvB 
. 

Ax 
LcB 

See footnotes at end of table. 
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TABLE 9 .-Limitations of soils for 

Urban use 

I 

Map symbol and soil Building sites I 

I Septic effluent 
disposal 

Light industrial Low residential 
I 

Collington fine sandy loam, 0 to 2 Slight__ __________ 
percent slopes. 

Collington fine sandy loam, 2 to 5 

Slight_ . __________ Slight ____________ 

percent slopes. 
Freehold fine sandy loam, 0 to 2 

percent slopes. 
Freehold fine sandy loam, 2 to 5 

percent slopes. , 
Freehold and Downer-Urban land 

complex, gentlv sloping (Free-
hold and Urban land parts). 

Freehold and Downer, clayey sub-
I strata, -Urban land complex 

(Freehold and Urban land I parts). 

I 

I Westphalia fine sandy loam, 0 to 5 
percent slopes. · 

Westphalia and Nixonton-Urban 
land complex (Westphalia and 
Urban land parts). 

Slight_ _____ . __ . __ Slight; rapid per- i Aurora-Downer loamy sands, 0 to Slight ____________ 
5 percent slopes (Downer part). meabilitv of sub-

Aura-Downer sandy loams, 0 to 5 stratum.in 
percent slopes (Downer part). Downer soils I 

Downer loamy sand, 0 to 5 percent may permit · 
slopes. pollution of 

Downer loamy sand, clayey sub- ground water. 
stratum, 0 to 5 percent slopes. 

Downer sandy loam, 0 to 2 percent 
slopes. I Downer sandy loam, 2 to 5 per-
cent slopes. 

Freehold loamy fine sand, 0 to 5 
percent slopes. 

Freehold sand, thick surface var-
iant, 0 to 5 bercent slopes . 

Freehold and owner-Urban land 
I complex, gently sloping (Downer i part). 

I Freehold and Downer, clayey sub-
strata, -Urban land complex 
(Downer part). 

Westphalia loamy fine sand, 0 to 5 
percent slopes. 

Slight_ ___________ Moderate; slow Aura loamy sand, 0 to 2 percent Slight ____________ 
slopes. permeability of 

Aura loamy sand, 2 to 5 percent substratum. 
slopes. 

Aura sandy loam, 0 to 2 percent 
I slopes. I 

Aura sandy loam, 2 to 5 percent 
slopes. 

Aura-Downer loamy sands, 0 to 5 
percent slopes. (Aura part). 

Aura-Downer sandy loams, 0 to 5 
percent slopes. (Aura part) . 

Aura-Urban land complex. 

I Lakeland fine sand, firm sub-
stratum, 0 to 5 percent slopes. 
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lrban and recreational uses 

I 
I urban use-Continued Recreation use I 

I I 
I 

I Sanitary land fill 
Landscaping 

Athletic fields Parks and playgrounds Campsites 2 
i 

I 
I 

i Lawns .Ornamental plants 

I 
I I 

Slight _____________ Slight_----------- Slight ____________ Slight for soils that Slight ________________ Slight. 
have 0 to 2 percent 

I slopes. Moderate 
for soils that have 

I 
2 to 5 percent slopes. 

' I I 
I 

i 
' I Slight_ ____________ :\[odemte: low :\foderute; low Slight for sandy loams Slight ________________ Slight. 

available water available water and soils that have 
capacity. Sc- capacity. 0 to 2 percent slopes. 

i \·ere limitation Moderate for loamv I 

I for Freehold sands and soils that 

I 
sand, thick sur- have 2 to 5 percent 
face variant, ' slopes. Severe for 
since it has very Freehold loamv 
low available sand because it is 

• 
water capacity . droughty and in-

fertile. 

I 

I 
I 
I 
i 

:\loderatc; firm :\Ioderate: low Slight ____________ Slight for sandy Sli~ht for most soils. Slight. 
substratum diffi- available water loams and soils that evere for play-
cult to move. capacity. Se- have 0 to 2 percent grounds on Lake-

\"ere for Lake- slopes. Moderate land sand, firm sub-
land sand. firm for loamv sands stratum, which is 
substratum, be- and soils· that have droughty and in-
cause of verv 2 to 5 percent fertile. 
low available slopes. Severe for 
water capacity. Lakelamt·sand, firm 

substratum, which 
has verv low avail-
able water capacity. 

I 
I 



U. S. DEPARTMENT OF AGRICULTURE 

SOIL LEGEND 

The first lett11r In each symbol Is the lnltiol olt!,e soil nome. 

A second capitol letter, A, B, C, D, or E shows the slope. 
Most symbols without a slope lener ore lor nearly level sodr., 

bvt some ore for soils that h<Jve considerable range in slope. 
A final number, 3, In o symbol shows 1hgt the 5oil Is severely 

eroded. 

SYMBOL 

Am A .... 
A. A ... 
AoB 
A.B 
A. 

Co 
Cm 
Co A 
CoB 

Do A 
O.A 

Do A 
o.e 
OtC 
o.c 

NAME 

Aura loamy sond, 0 to 2 percel'lt slopes 
Aura loamy sond, 2 to 5 percent slopes 
Aura sandy loon~, 0 to 2 p.rcent slopet 
Aura tOndy loam, 2 to 5 percent slopes 
Auro-Oowner loamy sandt, 0 to 5 percent slopes 
Auro-Downer sCif'ldy looms, 0 to 5 pet cent tlopes 
Auro-Urbon land complex 

Cloy pits 
Col..,oonto_, loom 
Colllngton fine sandy loQm, 0 to 2 percent slopu 
Colllngton fine sondy loom, 2 to 5 percent slopes 

Downer loamy sand, 0 to 5 percent slopes 
eo_,., loamy sand, clayey substratum, 
0 to 5 perc.nt slopes 
c.;_,., sortdy loom, 0 to 2 percent slopes 
Downer sortdy loom, 2 to 5 percent slopes 
Oownet soils, 5 to 10 percent slopes 
Downer-Aura c:omple•, 5 to 10 perc.nt slopes 

Fd Fallslngtan sOI'Idy loom 
FfA Freehold fine SOI'Idy loom, 0 to 2 percent slopes 
FfB Freehold fine sandy loom, 2 to 5 perc.nt slopes 
FfC Freehold fine sandy loom, 5 to 10 percent slopes 
FhB Freehold loomy fine sand, 0 to 5 percent slopes 
FhC Freehold loamy fine sond, 5 to 10 percent slopes 
FnB Freehold sol'ld, thick surface vorl ant, 0 to 5 percent slopes 
FsE Freehold soils, 15 to 30 percent slopes 
FtO Freehold ol'ld Collll'lgtol'l soils, 10 to IS percent slopes 
f,.B Fr-hold ond Oowner-Urbon land comple•, gently sloping 
f,.( Freehold ond Oowner•Urbon lol'ld comple•, sloping 
Fy Freehold ond Do_,er, cloytoy substrata, 

-Urban lol'ld comple• 

HdA Holmdel 1\l'le sandy loom, 0 to 3 percent slopes 
HIA Holmdel loamy flf'te sand, 0 to 3 percent slopes 
Hm Holmdel, cloye'l' substratum, ·Urban land comple,. 
Hn Holmdel-Urban IOI'Id comple• 
HoB Howeii-Urbcn land comple•, genrl.,. slopl..,g 
HoC Howell-Urban IO">d comple,., slopll'lg 

KmA Klej loom.,. sand, 0 to 2 perce11t slopes 

KrA Kresson sand.,. loom, 0 to 3 perc•nt slopes 

LoA Lakehurst sand, 0 to 3 percent slopes. 
LbA Lakehurst-Lakewood association, 0 to 5 percent slopes 
LcB Lakeland fine sand, firm substr arum, 0 to 5 percent slopes 
LdA Lakeland sand, 0 to 5 percent slopu 
leA La&<elond sand, water table, 0 to 2 perc•nt slop•s 

~MML NAME 

LfB Lakewood fine sond, 0 to 5 percent slopes 
LfC Lakewood fine sand, 5 to 10 percenr slopes 
LfD Lolo.ewood fine sand, 10 to 25 percent slopes 
LgB Lolcewood sond, 0 to 5 percent slopes 
LgC Lakewood sand, 5 to 10 percent slopes 
LhE Lakewood ond Lolcelond sonds, 10 ro )J p•rcent ,lopes 
Lo Leon 5ond 
Ls Leon-St. Johns 5ands 
LY LoGmy olluYiol land 

Mo Mode land 
McCJ Mar han soils, 5 to IO percent slopes, seyerely eroded 
Mk Morhon and Kreuoi'I·UrbOI'I lof'td comple• 
MrA Marhon sol'ldy loam, 0 to 2 p•rcent slopes 
MrB Marl ron sandy loom, 2 to 5 perc..,! slopes 
MmB Matawan loamy sand, 0 to 5 pe~cent slopes 
MnA Motoworo sondy loom, 0 to 2 percent slopes 
MnB Motowon sondy loom, 2 to 5 percent slopes 
Mo ModeraTely wet lond 
Mu Muck 

NbA Ni•onton ond Borcloy line :~oondy looms, 
0 to 3 percenT slopes 

NcA NlxOtlton and Borcloy loamy fine sands, 
0 to 5 percent slopes 

Po Posq...otonk fine sandy loom 
Pc Posq...otri ond Weeksviii .. Urba'l la1d comple>< 
Ps Pocomoke sandy loom 

So St. Johf'tl sand 
Sc St. John1 sand, clayey substratum 
So Sand ol'ld oroYel pits 
sy Sandy olluYiol land 
Sw Shrewsbury fine sandy loom 
S,. Shrewsbvry·UrbOI'I ICII"Id comple~~ 

T m Tidal marsh-Mode lond comple• 

Um Urban-Moderately weT land cornple• 

Wd We•\csyil\e fine sandy loom 
WoB WeSiphollo fine soody loom, 0 to 5 percent slopes 
WfB Westpholio loamy fine 1ond, 0 to 5 percent slopes 
WI( Westphalia loamy fi..,e sarod, 5 to 10 percenr slope~ 
WhO Westphalia soil~, 10 to 20 percent slopes 
Wh03 Weuphollo soils, 10 to 20 percent slopes, S8Yerely eroded 
Wr Westphalia and Ni .. onTof't·Urbol'l land cornple• 
WsA Woodstown and DrogsTon sondy looms, 

0 to 3 percenT slopes 
WtA Woodstown and Klej loamy SOI'Ids, 0 to 3 percent slopes 
WuA Wooduown ond Klej loamy sands, cloy•y substrata, 

0 to 3 percent slopes 

CAMDEN COUNTY, NEW JERSEY 

WORKS AND STRUCTURES 

Hiahwa~s and roads 

Oual 

Good motor 

Poor motor 

Trail 

Hiahway markers 

National Interstate 

u.s. 

State 

Railroads 

Mullople track 

Abandoned 

Road 

Trail, loot 

Ferries 

Ford 

Grade 

R. R. OYer 

R. R. under 

Tunnel 

School 

Church 

Mines and Quarries 

Mine dump 

Pots, araYel or other 

Power hnes 

Pipe lmes 

Cemeteries 

Dams 

leYees 

Tanks 

Oil wells 

v 
0 
0 

• G 

CONVENTIONAL SIGNS 

BOUNDARIES 

Count.,. 

ResP.•Yatoon 

land Qtant 

lo ... nstuo. C••li 

DRAINAGE 

Streams 

lntermottent. unclass. 

Canals and dotches 

lake<; and ponds 

tntermottent 

Wells 

Marsh 

Wet soot 

Escarpment$ 

Bedrock 

Othf'r 

Promonent oeaks 

C•ossable w•th tollaae 
omolements. 

RELIEF 

Not crossable w•th tillaae 
imolemenls 

Contams water mosl of 
the tome 

-- _J 

.. :--:::-.··· ·----···--
CANAL 

DITCH 

............... ~ 
...... 1 .......................... . 

la•if' Small 

....... , .. 
; ..... ,\" 

NEW JERSEY AGRICULTURAL EXPERIMENT STATION 

SOIL SURVEY DATA 

Sod boundar1 

and symbol 

GraYel 

Stones 

Rock outcrops 

Chert lraaments 

era.,. spot 

Sand spot :-: 

Gumbo or scabby spot 

Made land 

SeYerely eroded spot 

Blowout, wind Pros10n 

Gulhes 

Sod map ron>;.tructed 196"i by Cortogroph~c DIYislon, 
Soil Conservation SerYice, USDA, fro,.. 19S7 oeriol 
pho1ogropht.. Controlled mosaic based on New Jer~ey 
plane coordinate sys1em, t•onSYer'!ie Mercator projection, 
1927 North American dntum. 
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U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

- -
NEW JERSEY AGRICULTURAL EXPERIMENT STATION 

GENERAL SOIL MAP 
CAMDEN COUNTY, NEW JERSEY 

' 

" 

Scale l: 190.080 

4 Miles 

SOIL ASSOCIATIONS 
~ Aura-Downer association: Gently sloping gravelly 
~ and sandy soils 

~ Downer-Woodstown-Dragston association: Gently sloping, 
~_j grayish-brown sandy soils 

~ Freehold-Holmdei-Collington association: Gently to 
~ strongly sloping soils from greensand 

~ Howell-Urban land association: Gently sloping, brown 
~ silty and clayey soils 

-

Lakewood-Lakehurst-Lakeland association: Level to sleep, 
gray sandy soils 

-

Muck-Alluvial land association: Wet soils mainly along 
streams 

~ Marlton-Kresson association: Gently sloping to steep, 
~ olive clay soils 

~ Westphalia-Nixonton-Barclay association: 
~ to steep, fine sandy soils 

July 1965 

Nearly level 

- - -



- -

~-----.L ____ _ 
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Water Resources Data . '·.}-<.· ~ .. >· ... :. ~·. ' 
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DELAWARE RIVER BASIN 

01467329 saJTH BRANCH 81G TIMBER CREEIC AT BLACK\oOCD TERRACE, NJ LOCATtON.··Lat 39.48•05•, lang 75"04'27"\ Gloucester COW!ty Hydrolo;fc Unft 02040202, at bridge on Blackwood· 
Clen~enton Road at Blackwood Terrace, ,000 ft ~tre• frc. Bull R~, and 2.0 •f north .. at of Fain,;ew. DRAINAGE AREA.·· 19.1 'n.i 2. 

PERIOD OF RECORD.··~ater yeara 1976 to current year. COOPERATION.··Analysea of fecal colifona and fecal streptococci by the MPN method, and water·phaae nutrient& were 
performed by the New Jersey Department of Health, Oiviaion of Laboratories and Epfdemfolo;y. ~ATER OUALITY DATA, ~ATER YEAR OCTOBER 1986 TO SEPTEMBER 1987 

DATE 

OCT 1986 
06 ••• 

JAN 1987 
21. •• 

MAR 
16 ••• 

MAY 
28 ••• 

JUL 
13 ••• 

AUG 
04 ••• 

DATE 

OCT 1986 
06 ••• 

JAN 1987 
21 ••• 

MAR 
16 ••• 

MAY 
28 ••• 

JUL 
13 ••• 

AUG 
04 ••• 

DATE 

OCT 1986 
06 ••• 

JAN 1987 
21 ••• 

MAR 
16 ••• 

MAY 
28 ••• 

JUL 
13 ••• 

AUG 
04 ••• 

TIME 

STREAM· 
FLOW, 

INSTAll· 
TANE<liS 

(CFS) 

SPE· 
CIFIC 
CON· 
DUCT· 
ANCE 

(US/CM) 

PH 
(STAND· 

ARD 
UNITS) 

TEMPER· OXYGEN, ATURE DIS· 
~ATER SOLVED (DEG C) (MG/L) 

OXYGEN, 
DIS· 

SOLVED 
<PER· 

CENT 
SATUR· 
ATION) . 

OXYGEN 
DEMAND, 
810· 
CHEM· 
I CAL, 
5 DAY 
(MG/L) 

COLI· 
FORM, 
FECAL, 

EC 
BROTH 
(MPN) 

STREP· 
TOCOCCI 

FECAL 
(MPN) 

0900 

0900 

0900 

0900 

0900 

0900 

E18 

E41 

E24 

E26 

E36 

E18 

HARD· 
NESS 
(MG/L 

AS 
CACOl) 

42 

35 

41 

39 

37 

39 

SILICA, 
DIS· 
SOlVED 
(MG/L 
AS 

Sl02) 

5.8 

5.4 

5.4 

5.0 

3.7 

4.2 

CALCIUM 
DIS· 
SOLVED 
<MGIL 
AS CA) 

12 

9.9 

12 

11 

11 

11 

SOLIDS, 
SUM OF 
CONSTI· 
TUENTS, 

OIS• 
SOlVED 
(MG/L) 

75 

72 

81 

69 

64 

68 

170 

146 

165 

148 

112 

140 

MAGNE· 
SlUM, 
DIS· 

SOLVED 
(MG/L 
AS MG) 

3.0 

2.5 

2.8 

2.8 

2.2 

2.9 

NITRO· 
GEM 

NITRifE 
TOTAL 
(MG/L 
AS II) 

0.031 

0.021 

0.020 

0.049 

0.047 

0.031 

6.6 

7.0 

7.1 

6.8 

6.4 

6.6 

SC»IUM, 
DIS· 

SOLVED 
(MG/L 
AS NA) 

9.3 

9.1 

9.8 

9.1 

8.2 

9.2 

16.5 

1.0 

2.5 

14.5 

22.5 

22.5 

POT AS· 
SlUM, 
DIS· 

SOLVED 
(MG/L 
AS IC) 

3.2 

2.5 

2.7 

2.6 

2.0 

2.8 

7.7 

13.4 

12.9 

9.3 

6.3 

6.4 

ALICA· 
LIIIITY 

LAI 
(MG/L 
AS 

CACOl) 

26 

21 

24 

24 

17 

26 

NITRO· 
GEII 

1102+N63 
TOTAL 
(MG/L 
AS II) 

NITRO· 
GEIII AMMON A 

TOTAL 
(MG/L 
AS II) 

NITRO· 
GEIIfAM· 
NON A+ 
ORGANIC 

0.93 
0.86 

1.39 

1.17 

0.64 

1.10 

0.20 

0.45 

0.42 

0.35 

0.27 

0.21 

TOTAL 
(MG/L 
AS II) 

0.83 

0.99 

1.1 

1.4 

0.97 

0.92 

79 

94 

94 

90 

73 

75 

SULFATE 
DIS• 
SOlVED 
(MG/L 

AS $04) 

13 

18 

19 

9.0 

16 

10 

NITRO· 
GEII, 

TOTAL 
(MG/L 
AS II) 

1.8 

1.8 

2.5 

2.6 

1.6 

2.0 

1.5 490 

1.5 140 
2.1 170 

2.4 220 
6.9 3500 

2.4 940 

CHLO· 
RIDE, 
DIS· 
SOLVED 
(MG/L 
AS CL) 

13 

12 

15 

15 

11 

12 

PHOS· 
PHORUS, 

TOTAL 
(MG/L 
AS P) 

o. 160 

0.140 

0.062 

1.06 

0.200 

0.170 

2400 

270 

270 

2200 

1600 

5400 

FLUO· 
RIDE, 
DIS· 

SOLVED 
(MG/L 
AS F) 

<0.1 

<0.1 

o. 1 

<0.1 

<0.1 

0.1 

CARBON 
ORGANIC 

TOTAL 
(MG/L 
AS C) 

4.9 

6.8 

3.4 

5.9 

11 

5.2 
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DELAWAitE RIVER BASIN 
01467329 SClJTH BRANCH BIG TIMBER CREEK AT BLAClWOCX) TERRACE, NJ· ·Conti rued 

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987 

BERYL· CHRO· ALUM· LIUM, BORON, CADMIUM MIUM, COPPER, INUM, TOTAL TOTAL TOTAL TOTAL TOTAL SULFIDE DIS· ARSENIC RECOV· RECOV· RECOV· RECOV· RECOV· TOTAL SOLVED TOTAL ERABLE ERABLE ERABLE ERABLE ERABLE DATE TIME (MG/L (UG/L (UG/L (UG/L (UG/L (UG/L CUG/L CUG/L AS S) AS AL) AS AS) AS BE) AS B) AS CD) AS CR) AS CU) OCT 1986 
06 ••• 0900 <0.5 10 <10 70 <1 <10 5 

NANGA· 
IRON, LEAD, NESE( MERCURY NICKEL, ZINC, TOTAL TOTAL TOTA TOTAL TOTAL SELE· TOTAL RECOV· RECOV· RECOV· RECOV· RECOV· NIUM, RECOV· ERABLE ERABLE ERABLE ERABLE .ERABLE TOTAL ERABLE PHENOLS DATE (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L TOTAL AS FE) AS PI) AS MN) AS HG) AS Nl) AS SE) AS ZN) (UG/L) 

OCT 1986 
06 ••• 3100 11 60 <0.10 4 <1 280 2 

133 
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DELAWARE RIVER BASIN 121 
01467060 DELAWARE RIVER AT PALMYRA, NJ LOCATION:··Lat 40"01'0511

, ~ong 75"02•16", Phtledelphia COU'\ty, PA Hydrologic Unit 02040202, on right bank . 
~;5~e Palll)'ra, 0.5 111 upatre• fro. Tecany·Pal~tYra Bridge, ~.5 •i dQwNtre• fro. Rancocas Creek, end at 111le DRAINAGE AREA.··7,850 mi2. 

P£RICI) OF RECORO.··Deceri)er 1962 to current year. Tidal vol...-. pU:)liahed from DecMber 1962 to S~teriler 1910. GAGE.··Water·stege recorder. Datu. of gage fa ·10.00 ft below National G~tic Vertical DatUM of 1929: G~ge·height 
record converted to elevation above or below(·) National Geodetic verttcal Datu. of 1929 for publtcatton. REMARKS.··N~ gage-height or doubtful record: Sept. 1•3o. some periods of low tide are af~ected by sluggish_or 

plugged 1ntake and the record ia estimated with negligible loss in accuracy. Some per1oda camot be estimated 
and are noted by dash < • · ) l i nea. 

EXTREMES FOR PERICI) OF RECORD.··Maximum elevation, 8.23 ft, oct. 25, 1980; minimum, ·8.6 ft, Dec. 31, 1962. EXTREMES OUTSIDE PE~IOD OF RECORD.··Maxi.u. elevation known aince 1899, 8.9 ft, Aug. 24, 1933, from profile furnished 
by Corps of Engtneera, u.s. Arff'f. . 

EXTREME~ FOR CURRENT YEAR.··Maxfmum elevation recorded, 6.96 ft, Dec. 2, Jan. 2; minimum recorded, ·4.05 ft; minimum 
eattmated, 4.8 ft, Feb. 9 Cbott011 of atilling well at 4.0 ft). Sl.llllllriea of tfde elevations durfng current year are aa follows: 

TIDE ELEVATIONS, IN FEET, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP Maximum Elevation 5.35 5.69' 6.96 6.96 5.07 6.10 6.58 5.53 5.n 6.06 6.23 high tfde Date 8 20 2 ? 2 31 15 15 12 13 10 tlinimum Elevation ·3.48 ·3.41 ·3.36 •·4.4 e4.8 ·2.70 ·2.62 ·3.27 ·3.17 ·2.67 ·2.96 low tic!e Date 6 13 13 24 9 . 7 16 10 23 Mean high tide 4.43 4.37 4.45 4.20 3.77 4. 71 5.16 4.57 4.65 4.81 4. 71 Mean water level 1.35 1.32 1.38 1.16 0.77 1. 71 2.08 1.36 1.43 1.57 1.57 Mean low tide ·3.48 ·2.02 ·1.99 ·2.22 ·2.57 ·1.64 ·1.33 ·2.23 ·2.22 ·2.07 ·1.9q 

e • Estilllllted 

• • 
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DEU\IARE RIVER BAS Ill 

RESOWIRS Ill DELAWARE RIVER BASIII 01416900 PEPACTQI~SERVOIR.··Lat 42"04•38•, long 74"58'04•, Dalawera County NY Hydrologic Unit 02040102( near 
release ch~·at Downsville D• on East Brancn Delawre River, end 1.6 .1 eaat of Downaville, NY. ORA IIAGE . 
AREA, 371 mi •. PERIOD OF RECORD, SeJJtenDir 1954 to current year. GAGE 1111ter·staoe recorder. Oat~ of gage ts 
National Geodleti·C vertical Datun of 1929 (levels bv Board of Water S!JilPlY City of New York). REMARICS.·-Iieservoir is.f~nned bv an earthfill rockfaced ~- Storage {,.t., ~t. 15, 1954. Usabl~ cllpiJCftv 
140,190 mil gal between m1n1mum operating leYel, elevation, 1,152.0 ft, and crest of spillway, elevation, 1,280.0 
ft. Capacity .x crest of spillway 149,700 mfl gal: at mint~ operating level, 9,609 mil gal: at still of 
diversion t~~ ·•l~ation, ~,143.0 f~, 6,098 mil gal: in dead storage below release outlet, elev~tion 1 1,126.50 
ft, '1,898 mtl !JS'l. F1gures giVen here1n reJJresent total contents. Reservoir f~ water for d1verston through 
East Delaware runnel to Rondout Reservoir on Rondout Creak, in Hudson River basin (See Delaware River Basin, 
diversions), fer water supply to City of New York: for release during periods of low flow in the lower Delawre 
River basin, sa ·directed by the Delaware River Master: and for conservation release. No diversion prior to Jan. 
6, 1955. 

COOPERAHCla---Records provided bv Bureau of Water Resources Developllent and Department of Environnental 
Protection, Cit:y ·Of New York. EXTREMES FIJ!IliPERIOD OF RECORD.··Maximum contents observed, 154,027 mfl gal, Apr. 5l 1960L elevation, 1,282.27 
ft: mininun dllserved (after first filling), 9,575 mil gal, Dec. 26, 1964 elevation 1,151.Y2 ft. 

EXTREMES FGR CURRENT YEAR.· ·Maxi nus contents observed, 151,652 mil ga(, Apr. 9, b, elevation, 1,281.00 ft: 
minimum, 109,0Z2 mil gal, Sept. 8, elevation, 1,255.90 ft. 

01424997 CANNOaii1Ji\iiiE RESERWIR.··Lat 42"03'46", long 75"22'29"( Delaware COU'Ity, NY, Hydrologic Unit 02040101( 
in emergency p.t·e tower a~ Cannonavilla DM on west Branch De aware River, and 1.8 mi southeast of Stilesvil a, 
NY. DRAINAGE Aa£A, 454 mi • PERIOD OF RECORD, October 1963 to current year. REVISED RECORDS, WRD·NY 1972: 
1966. GAGE, wa~ar·stage recorder. Datu. of gage is National Geodetic Vertical Datu. of 1929 (levels by Board of 
Water Supply, City of New York). REMARkS.··Reservoir is fonned bv an earthffll rockfaced dent· storage began SeJJt. 30 1963, usable capacity 
95,706 mil ge~ ~~minimum operating level elevation, 1,GL0.0 ft and crest of spt(Lway, elevation, 1,150.0 
ft. Capacity, all: crest of spillway, 98,618 mf{ gal: at mtniiiUII ~rating level, 2,912 11fl gal; at IIOUth of inlet 
channel to diversion tunnel, alevatton, 1,035.0 ft, 1,892 mil gal: in dead storage below release outlet elevation, 
1,020.5 ft, 328 mil gal. Figures given herein represent total contents. Impounded water Is diverted for New YorK 
C1ty water suppty via wast Delaware Tunnel to Rondout Reservoir fn Hudson River beain (see Delaware River Basin, 
diversion>; is released in Delaware River for downatre• low flow ~~U~~~~Bntatfon as directed bv Oala1111re River 
Mastari and Ia released for conservation flow in the Delaware River. No diversion prior to Jan. 29. 1964. 

COOPERATIO..--aecords provided by Bureau of Water Resources DevelopMent, City of Mew York. EXTREMES FOil 'P.EUOD OF RECORD.··MaxiiiUII contents observed, 108"116 •fl gal, Mar. 15, 19771 elevation, 1,155.85 
ft; minimum ObServed (after first filling), 11,901 mil_gal Nov. r, 1968, elevation, 1,066.2~ ft. EXTREMES FOI tURRENT YEAR.··Maxf~ contents, 105,908 11ll gal, Apr. 6, elevation, 1,154.53 ft; minfmu., 57,550 
mfl gal, Sept. 8, elevation, 1,119.80 ft. 

01428900 PROMPTGI I£SERVOIR.··Lat 41"35 1 18", tong 75"1913911 , Wayne County, PA, Hydrologic Unft 02040103, at dM 
on West Brandl iLec'ltawaxan River, 0.3 mi north of Pr~~on, PA, 0.4 11i upatre• fr0111 hiGhway bridge end 0.5 111 
upstream fr0111 ~ ~Uitan Creek. DRAINAGE AREA, 59.6 111l • PERIOD OF RECORD, Dec811Der 1~ to currant year. 
GAGE, water-~ recorder. Datua of gage is Natfonel Gaodatfc Vertical Datu. of 1929 (levels bv Corpa of 
Engineers). 

REMARKS.··Il-rvofr formed by an earth and rockfflt daM with ungaaed bedrock spillway at elevation 1,205.00 ft: 
storage began .NiY!f 1960. Capacity at elevation 1 205.00 ft fa 51,700 acre·ft. Ordinary mini- (conservation) 
pool elevatianr 1.125.00 ft capactty, 3,420 acre·~t. Reservoir is used for flood control and recreation. Figures 
given harei" represent total contents. Regulation fa accont~lfshed bv discharge through an ungated tunnel. 

COOPERAHOIII.· ·Records provided bv U.S. ANrrf Corpa of Engineera. EXTREMES fOI 1P£RIOD OF RECORD.··MaxfiiUII contan!!r 8,170 acre·ft, June 29, 1973, elevation, 1,138.40 ft; 11inimu. 
(after first filiing), 2;920 acre·ft, Sept. 27, 1~ elevation 1,123.20 ft. EXTREMES FOR CURRENT YEAR.··Maximum content, 4,866 acre·ft, Sept. 9, elevation, 1,129.87 ft: minimu~~, 3,040 
scre·ft, AUIJ. 26., elevation, 1,123.37 ft. 

01429400 GENERAL EDGAR JADWIN RESERVOIR.··Lat 41"36 14411 , long 75"15,5511 , Wayne County, PA1 Hydrologic Unit 
02040103, at dam ·on Dvbarry Creek, 0.45 mi upstse .. from unnamed tributary, 2.4 11i nortn of Honesdale, PA, and 2.9 
mi upstream ff"Cllll mouth. DRAINAGE AREA, 64.5 mf • PERIOD OF RECORD October 1959 to currant year. GAGE, water• 
stage recorder. Detum of gage fa National Geodetic Vertical Datu. ol 1929 (levels by Corpa of Engineers). 

REMARICS.··R...rvoir formed bv an earth and rockffll ~ wfth uneatad, concrete spillway at elevation, 1,053.00 
ft; storage ._._ in October 1959. Capacity at elevation 1,053.00 ft fa 24 500 ec:re•ft. Reservoir is used for 
flood control. !Figures given herein represent total contents. Regulation Ia IICCCIIIIPllahed by discharge through an 
ungated tunne\ .• 

COOPERATIOII.· ·Records provided bv U.S. ANrrf Corpa of !~inoera. EXTREMES FOR P!RIOD OF RECORD.··MaxiiiUII contents, 6,520 acre•ft, June 19, 1973, elevation 1,017.40 ft; no 
storage many ~tseB~ . EXTREMES FOR CURRENT YEAR.··MaxfiiUII contents, 1,620 acre·ft, Apr. 5 elevation, 998.15 ft: no storage many 
times. 

01431700 LAKE ~~EHPAUPACK.··Lat 41"27'35", t~ 75"11 1 1011 Wayne County, PA, Hydrologic Unit 02040103, at a.. 
on

2
Wallenpaupaet Creek at Wilsonville, PA, 1.2 mi south o~ and 1.5 mi upstrea~~ fra. mouth. DRAINAGE AREA, 228 

mi • PERIOD OF RftORD~ January 1926 to current year. GAGE, vertical staff. Datua of gage is National Geodetic 
Vertical Oat'-- ot 292Y (levels bv Pennsylvania Power and Ltght Co.) •. REMARICS.··Reserwoir formed by concrete eravity·typa and earthffll dell with concrete spillway at elevation 
1,176.00 ft in nro 'sections. Spillway equipped with roller gate, 14ft high on aec:h section. Storage beiJan Nov. 
3, 1925· water ~n reservoir first reached minimum pool elevation in January 1926. Total capacity at elevation 
1,190.00 ft, top of gates, is 209,300 acre·ft of which 157,800 acre•ft is controlled storage above elevation 
1,160.00 ft, minimum pool. Reservoir is used for generation of hydrolelectric power. Figures given herein 
represent usable contents. 

COOPERATION.--IR~ords provided b'f Pennsylvania Power and Light Co. . EXTREMES F01i11Pf11:HX> OF RECORD.··Maxiii'UII contents, 1781 200 acre•ft 1 Aug. 19·2!L 1955, elevation, 1,193.45 ft: 
minimum (after fi~st filling), 12,280 acre·ft, Mar. 2!L 1958, atevat1on, 1,162.ou ft. EXTREMES FOR CURRENT YEAR.··Maximum contents, 92,1ru acre·ft, May 28, 31, elevation, 1,187.1 ft: minimum, 
26,960 acra·ft, feb. 20, elevation, 1,175.2 ft. 
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DELAWARE RIVER BASIN 147 
RESERVOIRS IN DELAWARE RIVER BASIN· ·Contii"A.IeCI 

01433000 SWINGING BRIDGE RESERVOIR.··Lat 41•34•25•, long 74•47•00•, Sullivan County NY Hydrologic Unit . 02
1
04f0f104, at deal on Mongaup River, and 1.8 mi northwest of FowlersvHle, NY. DRAINAGE AREA, 118 11i"2 excludtng C I LaKe, Lebencn Lake, and Toronto Reservoir. PERIOO OF RECORD, Jenuery 1930 to current year. REVISED . RE~DS[ WSP 1552: 1951·54. WDR NJ·86·2: 1985. GAGE, ~·~·~·stage recorder. DatUII of gage is National Geodetic .vertlca Datum of 1929 (levels by Orange and Rockland Utilities, Inc.). All cap~eity figures given herein are based on zero storag~ ·~ minimum operating ~l level, 1,010 ft. . 3REMARKS.··Reservo1r 1s fonned by an earthfill dam. Storage beaan Jan. 19, 1930. Usable capacity, 1,436.6 m1l ft be_tween elevations 1,010.0 ft, minimum operating pool, ~nd 1.071.2 ft, ~op.of flashboards. Capacity below elevatlon.1,010.0_ft, minimum operating pool, about 212.7 m1l ft$. Reser~o1r ts. used for storage of water for power. Ftgures given herein represent contents above 1,010.0 ft. Water 1s rece1ved from Cliff Lake, Lee.non Lake,. and Toronto Reservoir 

COOPERATION.··Records pr~vided by orange and Rockland Utili~ies, Inc. . EXTREMES FOR PERIOD OF RECORD.··Maximum cgntents, 1,461.6 mtl ft 3 , Mar. 14, 1977, elevatton, 1,071.8 ft; minimum <after first filling) ·141.4 mil ft , Dec. b 1938, el.fvation, 987.5 ft . . EXT~EMES FOR CURRENT YEAR.!·Maximum contents, 1,3r~.2 mil ft , Apr. 13, elevation, 1,069.7 ft; mini11U11, 757.9 m1 l ft , Feb. 14, elevation, 1 ,D52.2 ft. 
01433100 TORONTO RESERVOIR.··Lat 41"37 1 15 11

1 long 74.49 155", Sullivan Ccx.nty, NY
6 Hydrologic: Unit 020'!q104, at dam on Black Lake Creek and 2.5 mi soutneast of village of Black Lake NY. RAINAGE AREA 23.2 mt . PERIOD OF RECORD, January 1926 to'c:urrent year. REVISED RECORDS, WSP 1552: 195~·54. WSP 1702: 19~9(M). WDR NJ·85·2: 1984. WDR NJ·86·2: 1985. Nonrecording gaga. Datum of ~age is National Geodetic: Vertical Datum of 1929 (levels by Orange and Rockland Utilities, Inc.). All capacity figures given herein are based on zero storage at minimum operating pool level

1 1
1 165.0 ft. · REMARKS.··Reservotr ts fo~ by an earthfill dam c:~leted July 24, 1926. Storage began Jan. 13, 1926. Usable capacity 1,098.2 mil ft between elevations 1,165.0 ft, minimum operatinv pool, and operating pool, about 26.8 mil Jtl. Reservoir is uaed for storage of water for power. Figures gtven herein represent contents above 1 165.0 ft. . 

COOPERATION.· ·Records provided by Orange and Rockland Utfl ftles Inc. EXTREMES FOR PERIOO OF RECORD.··Maximum contents obse§ved, 1,17~.2 mil ft 3 , July 20, 1945, elevation, 1,222.0 ft. minimum observed (after f i rat fill lng), · 26.8 mil ft , Nov. 15, 19l8, elevation, 1, 144.5 ft. EXTREMES FOR CURRENT YEAR.··Max~ contents observed, 968.0 mil ft , May 20, 31, June 1, elevation, 1,216.2 ft; minimum observed, 311.7 mil ft , Nov. 12, elevation, 1,190.7 ft. 
014:~!~~ L;~~F~r;!~~-~~·~-~ 1~~5~~;hw~~o~4;~~~!~:vi~~~~~~~~ c~f~AG~YAR~rorg~~i~i~~~c:~~~~104are~t .~.on Toronto Reservoir. PERIOD OF RECORD, January 1939 to current year. REVISED RECORDS, WSP 1552: 1951·54. WAD NY· 75·1: 1974(m). WDR NJ·86·2: 1985. Nonrec:ording gage. Datum of gage is National Geodetic: Vertical DatUII of 1929 (levels by Orange and Rockland Utilities, Inc.). All capacity figures given herein are based on zero storage at minimum operating pool level, 1,043.3 ft. REMARKS.··\eservoir is fanned by a concrete gravity·type dam. Storage began Jan. 6, 1939. Usable c:apecity, 136.06 mil ft between elevations 11 043.3 ft, minimum operating pool, and 1,on.o ft top of permanent flashboards. Capacity below elevatton 1,043.3 ft, minimum operating pool, about 6.5, mil ft 3 • Reservoir is used for atorage of water for power. Water is received from Toronto and Lebanon Lake reservoirs and is discharged through a tunnel into Swingi"9 Bridge Reservoir. Figural given herein represent contents above 1,043.3 ft. COOPERATION.··Records prOVIded by Orange and Rockland Utilities Inc. EXTREMES FOR PERIOD OF RECORD.··Maximum c:ontentl observed, 145.44 m~l ft 3 , July 30 31 1945, elevation, 1,073.1 fti minimum obServed (after first filling), about ·6.54 mil ft $Mar. 16, 196i, elevation,.1,038.0 ft. · EXTREME~ FOR CURRENT YEAR.3·Maximum contents obServed, 118.10 mil ft , Sept. ~1, elevation, 1,uo9.8 ft; miniiiUII observed, 20.0 mil ft , Feb. 13, elevation, 1,051.6 ft. 
01435900 NEVERSINK RESERVOIR.··Lat 41.49 1 4011 , long 74•38•21 11 , Sullivan County, NY, Hydrologic: Unit 02040104, at a gate·house at Neveraink Dam on Neversink River, and 2 mi aouthweat of Neversink

6 
NY. DRAINAGE AREA, 91.8 mi 2 • PERIOD OF RECORD( June 1953 to current year. Nonrecording gage read daily at 090 • Datum of gage is National Geodetic: Vertic:a Datum of 1929 (level• by Board of Water Supply, City of New York). . REMAR~S.··Reservoir i~ ~onaad by an earthflll rockfaced dam. Storage began June 21 1953. Usabl~ capacity 34,941 mtl gal between mtntmum operating level, elevation, 1,319.0 ft and crest of spillway, elevation, 1,440.0 ft. Capacity at crest of spillway 37.146 mil gal· at minimum operatinq level, 2,205 mil gal; dead atorege belowand outlet sill at elevation ~~31L.o ft, 1,686 mil gal. Figures gtven herein represent to~al contents. Reaervoir impounda water for divert on through Neversink·Grahemaville Tunnel to Rondout Reservoir on Rondout Creek, fn Hudson River basin, for water eupply of City of New York (lee Delaware River blain, diversiona>: for releaae during periods of low flow in the \ower Delaware River ba1in, 11 directed by the Delaware River Malter; and for conservation rele11e. No diver1ion prior to Dec. 3, 1953. COOPERATION.··Records provided by Bureau of Water Re1ources Development and Department of Environmental Protection, City of New York. 

EXTREMES FOR PERIOD OF RECORD.··Maximum contents observed, 37,978 mil gal, Apr. 25 1 1961, elevation, 1,441.67 ft; minimum observed (after first filling), 1,985 mil gal, Nov. ~5 1 1964, elevation, l,316.Y8 ft. EXTREMES FOR CURRENT YEAR.··Maximum contents observ~1 37,569 mtl gal, Apr. 13, elevation, 1,440.85 ft; minimum observed, 19,122 mil gal, Nov. 8, 20, elevation, 1,396.~ ft. 
01447780 FRANCIS E. WALTER RESERVOIR (formerly published as Bear Creek Reservoir).··Lat 41"06'45", long 75"43'15", Luzerne County, PA1 Hydrologic: Unit 02040106, at dam on Lehigh River, 2,200 ft downstream from Bear Creek and 5 mi northwest of Wnite Haven, PA. DRAINAGE AREA, 289 mi2. PERIOD OF RECORD, February 1961 to current year. GAGE, water·stage recorder. Datum of gage is National Geodetic: vertical Datum of 1929 (levels by Corps of Engineers). · 

REMARKS.··Reservoir formed by an earthfill embankment covered with a rock shell, with concrete spillway at elevation 1,450.0 ft; storage began Feb. 11
6 

1961; water in reservoir first reached conservation pool elevation in June 1961. Total capacity at elevation 1,45 .0 ft is 110 700 acre·ft of which 108,700 ac:re·ft is controlled storage above elevation 11300.0 ft or (conservation poolS. Dead storage is 2,000 acre·ft. Reservoir is used for flood control and recreation. Figures given herein represent total contents. Flow regulated by three gates and low flow by·pass system. 
COOPERATION.··Records provided by u.s. Army Corps of Engineers. EXTREMES FOR PERIOD OF RECORD.··Maximum contents, 62,100 acre·ft( Sept. 28, 1985, elevation4 1

6417.08 ft; minimum (after establishment of conservation pool) 981 acre·ft, Ju y 6, 1982, elevation 1 28r.7 ft. EXTREMES FOR CURRENT YEAR.··Maximum contents, 2~,800 ac:re·ft, Apr. 6, elevation, 1,~.66 ft; minimum, 1,510 acre·ft, July 19, elevation, 1,295.11 ft. 
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RESERVOIRS IN DELAWARE RIVER BASIN··Continuld 01449400 PENN FOREST RESERVOIR.··Lat 40.55'45•, long 75•33'45• Carbon county, PA, Hydrologic Unit 020401061 at 

d.- on Wild Creek near Hatchery, PA1 0.7 mi upatre• fran~ Hatchery 2.6 •i ...-tre, fra. Wfld Creetc D•, ... 4 •i 

upatre• fran~ mouth, and 10 mf nortneaat of Pal~~~erton, PA. DRAINAGe AREA, 16.5 •f • PERI~ OF RECORD, October 

1958 to current year. GAGE, water·stage recorder. Datu. of gage is National Geodetic Vertical Datu. of 1929 

(levels by city of Bethlehem). REMARKS.··Reservoir formed by an earthflll ~ with ungated concrete spillway at elevation 1,000.00 ft; 

stora~e began in October 1958. Capacity at elevation 1 000 00 ft is 19 980 acre·ft. Reservoir IS used for 

111Jnic1pal water supply. Figures given herein r~resent' total contents.' Regulation Is done by valves on pipe 

through d~. Figures given herein include diversion, since October 1969, fra. Tunkh.nnock CrHk basin into Wild 

Creek bas1n. 
COOPERATION.··Records provided by city of Bethlehem EXTREMES FOR PERIOD OF RECORD.··Maximum contents

1 
20 560 acre·ft Apr. 6, 1984, elevation, 1,001.19 ft; 

minimum 176 acre·ft Oct. 6, 1965 1 elevation, 902.~0 ft ' 
EXTREMES FOR CURRENT YEAA.··Maxlmum contents, 20,390 ecre•ft Apr 5 elevation, 1,000.71 ft; mini~. 14,980 

acre·ft, Nov. 20, elevation, 988.28 ft. ' • ' 01449700 WILD CREEK RESEAVOIR.··Lat 40.53 15011 , long 75•33•50" Carbon County, PA, Hydrologic Unit 02040106, at 

dam on Wild Creek near HatcheryL PA, 126 mi upatre .. from mOuth 2 4 mi south of Hatchery, and 7.5 •i northeast of 

Palmerton, PA. DRAINAGE AREA, t2.2 mi • PERIOD OF RECORD JanUery 1941 to current year. Nonrecording gage. 

Datum of gage is National Geodetic Vertical Datu. of 1929 (levels by citr of Bethleh .. ). 
REMARKS.··Reservoir formed by aarthfill dam, with concrete ungated spillway at elevation 820.00 ft; storage 

began January 27, 1941; water in reservoir first reached minimua ~l elevation in February 1941. Total capacity 

at elevation 820.00 ft is 12,500 acre·ft of which 12,000 acre·ft 18 controlled storage. Reservoir ia used for 

~icipal water supp~y. Figures given herein represent usable contents. R89'Jlation is acc~lished by va~ves on 

pipe through deal. Since October 1969 the basin ~tre• has received diversion fra. Ttnr.h.nnock Creek bes1n. 

COOPERATION.··Records provided by City of Bethlehe.. EXTRE~ES F~ P~RIOD OF RECORD.··Maximum contenta, 12,880 acre·ft, May 23, 1942, elevation, 822.93 ft; •ini~ 

(after f1rst filling), 2,680 acre·ft, Nov. 15, 1966, elevation 774.10 ft. 
EXTREMES FOR CURRENT ~EAR.··Maximum contents, 12,280 acre•ft, Apr. 5, al.vation, 820.92 ft; mini~, 11,000 

acre·ft, Feb. 28, elevation, 816.06 ft. 
· 01449790 BELTZVILLE LAKE.··Lat 40'50 15611

, long 75'38 1 19", Carbon Countyk PA, Hydrologic Unit 02040106{ at 0.. on 

Pohopoco Creek 0.45 mi upstre8111 from gaging station on Pohopoco Cree , 0.55 mi ~treM fran~ SaWIIIi l Rill and 2.3 

mi northeast of Parryville, PA. DRAINAGE AREA, 96.3 miZ. PERIOD OF RECORD, February_ 1971 to current year. 

GAGE, water·staga recorder. Datum of gage ia National Geodetic vertical Datu. of 1929 (levels by Corps of 

Engineers). 
REMARKS.··Reservoir formed by an earth and rockfill danl with ungeted, partially lined spillway at elevation 

651.00 ft; storage began Feb. 8 1971. Capacity at elevation 651.00 ft is 68,300 acre·ft. Ordinary mini~ 

(conservation> pool elevation, ~28.00 ftt capacity, 41
1
250 acre·ft. Deed storage is 11390 acre·ft. Reservoir is 

used for recreation, flood control low flow a~tatlon and water supply. Figures gtven herein represent total 

contents. Regulation is accomplished by a multl·leval watar·quelity outlet syat .. end two flood·control gates. 

COOPERATION.· ·Records provided by Corps of Engineers. EXTREMES FOR PERIOD OF RECORO.··Maximum contents 49,730 acra·ft, Jan. 29, 1976, elevation, 636.30 ft; •ini.ua, 

15,110 acre·ft, March 31, 1983 elevation, 588.79 EXTREMES FOR CURRENT YEAR.··Maximua contents 45,460 acre·ft, Sept. 14, elevation, 632.26 ft; 111inimum, 35,800 

acre·ft, Sept. 30, elevation, 621.94 ft. 
01455400 LAKE HOPATCONG.··Lat 40.55'00", long 74'39'50", Morris County, HydrologiS unit 02040105, in gatehouae 

of Lake Hopatcong Dam on Musconetcong River at Landing. DRAINAGE AREA, 25.3 mi • PERIOD OF RECORD, February 

1887 to current year. Monthend contents only prior to October 1950 published in WSP 1302. REVISED RECORDS, \I)R 

NJ·82·Z: Drainage area; WDR NJ·83·2: Corrections 1981 (m/m). GAGi, max·mim recorder and staff gage. Prior to 

June 24, 1928, daily readings obtained by measuring from high·water 11111rlt to water surface converted to gage 

height, present datum. Datum of gaga is 914.57 ft National Geodetic Vertical Datu. of 1929. 
REMARKS.··Laka is formed by concrete spillway and earthfill danl completed about 1828. Craat of apillway was 

lowered 0.11 ft in 1925. Usable capacity, 7,459,000,000 gal between <gage height ·2.6 ft, sills of gataa and 9.00 

ft, crest of spillway). Flow regulated by four gates <3 by 5 ft, also bv one 24·inch pipe with gate valva to 

recreation fO\.ntain 250 ft downstreM from dam. Dead storagef about 8, H7,000,000 gal. Figures given herein 

r~resent usable capacity. Lake used for recreation. CORREC lOIIS.··Once•daily ataff reedings furniahad by llaw 

Jersey Department of Environmental Protection. COOPERATION.··Records provided by New Jersey Department of Environmental Protection. 
EXTREMES.F~ PERIOD OF RECORO.··Maximu. contents, 8,7771 0~01 000 gal, August 19, 1955 correction, gage height, 

10.55 ft; mtntmum, 1L525,000,0DO gal, Dee. 29, 1960~ gage netgnt, 0.65 ft. 
EXTREMES FOR CURRtNT YEAR.··Maximua contents, 7,Y30,000,000 gal, Apr. 8, 9, 10, gaee heitht~ 9.56 ft; •tni.u., 

5,365,000,000 gal, Jan. 7, gage height, 6.40 ft. 01459350 NOCKAMIXON RESERVOIR.··Lat 40.28•13•, long 75•11•10•, Bucks County, PA, H~rologic Unit 02040105, at 
f1: !:~c~ra~~::~£l!: 2 ~~A~~~e:et~~~~~'i'! .u~WrOD~,r~~:, ~=~~-,9~ 'fc:~~~en':;a"/nk ~~.and 
water·stage recorder. Datum of gage is National Geodetic Vertical DatUI of 1929 (levels by Pennsylvania 

Department of Environmental Resources). REMARKS.··Reservoir fonmed by earthffll dam with concrete spillway at elevation 395.0 ft. Storage began 

Decmeber 1913. Total capacity 66,500 acre·ft· at elevation 410 ft. Reservoir is used primarily for recreation, but 

cah be used for water supply and flood control. · COOPERATION.··Recorda provided by Pennsylvania Department of Environnental Resources. 
EXTRMES FOR PERIOD OF RECORD.··Maximum contents, 44,380 acre·ft 1 Jan. 2~ 1979, elevation 397.85 ft; •ini.u~~~ 

(after first filling) 15,900 acre·ft, around Dec. ~1 1975, elevation 372.ra ft. 
EXTREMES FOR CURRENT YEAR.··Maxi~ contents, 42,~00 acre·ft, Apr. 5, elevation 396.40 ft; minimum, 38,800 

acre·ft, Nov. 2, elevation 394.00 ft. 
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RESERVOIRS IN DELAWARE RIVER BASIN··Continued 01469200 STILL CREEK RESERYOIR.··Lat 40"51'25n, long 75"59'3011 • Schuylkill County, PA, Hydrologic Unit 

0~~0106, at d8lll on Still Creek, 1 mi upatre• frOM mouth end 2.~ 111 north of HCIIIetown, PA. DRAINAGE AREA, .8.5 
m1 • PERIOD OF RECORD, January 1933 to current year. Nonrecord1ng gage. Datu. of gage is National Geodet1c 
Vertical Datum of 1929 (levels bV Panther Valley Water Co.). RE~RKS.··Reservotr formed bV earth fill_daal, with ungat~ concrete spillway at elevation 1,182.00 ft; storage 
began 1n Februa~y 1933. capacity at elevation, 1(182.00 ft 11 8,290 ~cre:ft. Reservoir is used for mun1cipal 
water SIJA)ly. Figures given here1n represent tote contents. Regulation 11 accoq,lished bV valves on pipe through 
dam. 

COOPERATION.··Records provided bV Panther Valley Water Co. EXTREMES FOR PERIOD OF RECORD.··Maximum contents, 8,570 acre·ft, OCt. 15, 1955, elevation, 1,182.92 ft, but may 
have ~en greater during 1950 and 1951 water years; minimum (after initial filling), 588 acre·ft, Dec. 8, 1944, 
elevation, 1,136.70 ft. EXTREMES FOR CURRENT YEAR.··Maximum contents, 8,350. acre·ft, Sept. 21, elevation, 1,182.2 ft; minimum, 3,840 
acre·ft, Nov. 8, elevation, ·1,165.1 ft. 

01470870 BLUE MARSH LAKE.··Lat 40"22'4511 , l~ 76"01'5911 , Berks County, PA, Hydrologic Unit 020402031, at dam on 
Tulpehocken Creek, 0.8 mi upstream from gag1ng station on Tulpehocken Creek, 1.0 mi northeast of B~ue Marsh, PA, 
1.9 mi upstream from Reber's Bridge, and 5.1 mi southeast of llernville, PA. DRA~NAGE ~REA 175 mi .• PER.IOD OF 
RECORD, April 1979 to current year. GAGE, water·stage recorder. Datum of gage IS National GeodetiC Vertical 
Datum of 1929 (levels bV Corps of Engineers). REMARKS.··Reservoir fo~ by earthfil! dam, with c~rete ungated spillway at elevati~ 307.00 ft. Storage 
began April 23, 1979. Capacity at elevation, ~07.00 ft IS 50,000 acre·ft. Dead storage IS 3,000 acre·ft. 
Reservoir is used for flood control, water supply, and recreation. Figures herein represent total contents. 

COOPERATION.··Records provided bV u.s. Armv Corps of Engineers. EXTREMES FOR PERIOD OF RECORD.··Maximum contents, 39,480 acre·ft, Apr. 17, 1983, elevation, 301.65 ft; minimum, 
17,440 acre·ft Nov. 28, 1983 elevation, 284.49 ft. EXTREMES FOR CURRENT YEAR: Maximum contents, 23,970 acre·ft, Sept. 14, elevation, 292.56 ft; minimum, 17,340 
acre·ft, Nov. 20, Mar. 5, elevation, 284.70 ft. 

014n200 GREEN LANE RESERVOIR.··Lat 40"20'3011 , long 75"28 145 11 , Montgomery County, PA, Hydrologic Unit 02040203, 
at dam on Perkiomen Cr~ek at Green Lane, PA, 0.4 mi west of Green Lane and 2.1 mi upstream from unami Creek. 
DRAINAGE AREA, 70.9 mi • PERIOD OF RECORD, December 1956 to current year. GAGE, water·stage recorder. Datum 
of gage is National Geodetic Vertical Datum of 1929 (levels by Philadelphia Suburban Water Co.). REMARKS.··Reservoir formed by concrete· gravity·type dam, with ungated spillway at elevation 286.00 ft; storage 
began December 21, 1956. Capacity at spillway level, elevation 286.00 ft 1 13(430 acre·ft. Reservoir is used for 
municipal water supply. Figures given herein represent total contents. Kegu ation is accomplished by valves on 
pipe through dam. 

· 
COOPERATION.··Reeorda provided by Philadelphia Suburban Water Co. EXTREMES FOR PERIOD OF RECORD: Maximum contents, 17,030 acre·ft, June 23, 1972, elevation, 290.05 ft; minimum 

(after first filling), 1,270 acre·ft, Aug. 25, 1957, elevation, 251.60 ft. EXTREMES FOR CURRENT YEAR.··Maximum contents, 14,320 acre·ft, Sept. 9, elevation, 287.00 ft; minimum, 9,890 
acre·ft, Nov. 4, elevation, 281.21 ft. 

MQNTHENQ ELEVATIQN ANQ CQNTENTS, WATER YEAR QCTQBER 1986 TO SEPTEMBER 1987 
Chenge in Change in Change in Contents contents Contents contents Contents contents 

Elevation (million Cequiv!lent Elevation (million (equiv~ent Elevation (acre· Cequiva!ent 
Date <fusu ga\lonS) in ft ts> <tutu qa\lOOJ) in ft /s) ( feet>t feet> in ft /S) Q141~2!;!0 P~PA~IQH R~~~B~IB Q14~~227 CA~~Q!~~~~~' R~~~R~IB 014~§900 PROMPTON Rg~~RygJg Sept. 30 ••• 1,265.66 124,670 1,135.26 77,238 1,124.28 3,300 

Oct. 31. •• 1 1258.81 113,565 ·554 1,131.76 n,587 ·232 11125.20 3,560 +4.2 
Nov. 30 ••• 1,264.43 122,634 +468 1,146.93 93,948 +1 1102 1,126.55 3,930 +6.2 
Dec. 31. •• 1,267.01 126,925 +214 1,150.73 99,792 +292 1,125.69 3,690 ·3.9 CAL YR 1986 +101 +92.6 +0.2 Jan. 31. •• 1,263.11 120 468 ·322 1,150.47 99 374 ·20.9 1,125.18 3,550 ·2.3 
Feb. 28 ••• 1,257.21 111:054 ·520 1,149.20 97:401 ·109 1,124.75 3,430 ·2.2 
Mar. 31. •• 1,266.47 126,020 +747 1,151.60 1011193 +189 1,126.55 3,930 +8.1 
Apr. 30 ••• 1,279.46 148,806 +1 1175 1,149.85 98,390 ·145 1,124.95 3,490 ·7.4 
May 31. •• 1,274.31 139,517 ·464 1,145.98 92,503 ·294 1,124.68 3,410 ·1.3 
June 30 ••• 1,268.17 128 883 ·548 1,142.94 88,035 ·230 1,124.15 3,260 ·2.5 
July 31. •• 1,263.79 121 :sao ·365 1,137.26 80,001 ·401 1,124.02 3,230 ·0.5 
Aug. 31. •• 1,257.71 111,836 ·486 11121.90 60,103 ·993 1,125.43 3,620 +6.3 
Sept. 30 ••• 1,~59.§9 11~.~7§ +178 1,1~.60 69,74~ +497 1,1~~-'1 3,5~ ·1.0 WTR YR 1987 ·39.8 ·31.8 +0.4 



I 
I 
I 
I 
I 
I 
I REFERENCE NO. 22 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ..• ,.::,·~;:§~:~;~;;>};~:_: 

I 

~ 

- NATIONAL FLOOD INSURANCE PROGRAM 

'FIRM 
FLOOD INSURANCE RATE MAP 

BOROUGH OF 

BELLMAWR, 
NEW JERSEY 
CAMDEN COUNTY 

ONLY PANEL PRINTED 

~ 

!@·'"'~ 

COMMUNITY-PANEL NUMBER 
340124 0001 8 

EFFECTIVE DATE: 
FEBRUARY 15, 1980 

'(.v n ~~\ 

.~: *h:=========~ 

~JI~JQ-~ ,_..... 
U.S. DEPARTMENT OF HOUSING 

AND URBAN DEVELOPMENT 

FEDERAL INSURANCE ADMINISTRATION 

-

-
~E 

-

1 

. ' 

.. -.. :: .. , - -i.,,,,,~:;.t~·{f~~':::::~;f±{~;f*e;~ .. 
' -· - ~..-·-· . 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

KEY TO MAP 

500-Year Flood Boundary----- --~~~~---~ _ ~-:~~£#l.NE Be .. -- ~:~ 
100-Year Flood Boundary-----

Zone Designations* With 
Date of Identification · 
e.g., 12/2/7 4 

1 00-Year Flood Boundarv-----

500-Year Flood, Boundary----

Base Flood Elevation Line 
With Elevation In Feet** 

---513---

Base Flood Elevation in Feet 
Where Uniform Within Zone** 

(EL 987) 

Elevation Reference Mark RM7x 

River Mile • M1.5 

**Referenced to the National Geodetic Vertical Datum of 1929 

*EXPLANATION OF ZONE DESIGNATIONS 

ZONE 

A 

AO 

AH 

A1-A30 

A99 

B 

EXPLANATION 

Areas of 1 00-year flood; base flood elevations and 
flood hazard factors not determined. 

Areas of 1 00-year shallow flooding where depths 
are between one (1) and three (3) feet; average depths 
of inundation are shown, but no flood hazard factors 
are determined. 

Areas of· 100-year shallow flooding where depths 
are between one (1) and three (3) feet; base flood 
elevations are shown, but no flood hazard factors 
are determined. 

Areas of 1 00-year flood; base flood elevations and 
flood hazard factors determined. 

Areas of 1 00-year flood to be protected by flood 
protection system under construction; base flood 
elevations and flood hazard factors not determined. 

Areas between limits of the 1 00-year flood and 500· 
year flood; or certain areas subject to 1 00-year flood· 
ing with average depths less than one ( 1 ) foot or where 
the contributing drainage area is less than one square 
mile; or areas protected by levees from the base flood. 
(Medium shading) 

C Areas of minimal flooding. (No shading) 

0 

v 

V1-V30 

Areas of undetermined, but possible, flood hazards. 

Areas of 100-year coastal flood with velocity (wave 
action); base flood elevations and flood hazard factors 
not determined. 

Areas of 1 00-year coastal flood with velocity (wave 
action); base flood elevations and flood hazard factors 
determined. 

NOTES TO USER 

Certain areas not in the special flood hazard areas (zones A and V) 
may be protected by flood control structures. 

This map is for flood insurance purposes only; it does not neces
sarily show all areas subject to flooding in the community ~r 
all planimetric features outside special flood hazard areas. 
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INITIAL IDENTIFICATION: 
JUNE 21, 1974 

FLOOD HAZARD BOUNDARY MAP REVISIONS: 
NOVEMBER 7, 1975 

FLOOD INSURANCE RATE MAP EFFECTIVE: 
FEBRUARY 15, 19BO 

FLOOD INSURANCE RATE MAP REVISIONS: 

Refer to the FLOOD INSURANCE RATE MAP EFFECTIVE date 
shown on this map to determine when actuarial rates apply .to 
structures in the zones where elevations or depths have been estab· 
lished. · . 

To determine if flood insurance is available in this community, 
contact your insurance agent, or call the National Flood Insurance 
Program, at (800) 638·6620, or (800) 424-8872. 

APPROXIMATE SCALE 

50E~~::JE-3==~:IE=3==ro:::::::::::::J500FEET 
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ELEVATION REFERENCE MARKS 

REFERENCE ELEVATION 

MARK (FT. NGVD) 

RM1 24.48 

RM2* 12.51 

RM3 29.18 

RM4 16.77 

DESCRIPTION OF LOCATION 

A square cut on the top of the downstream wall on the southbound 

lanes of Interstate 295 over the centerline of Big Timber Creek. 

Established by U.S. Army Corps of Engineers. 

A square cut on the concrete post in the center of the north wall of 

the Kings Highway Bridge over Little Timber Creek. Established by 

U.S. Army Corps of Engineers. 

A U.S. Coast and Geodetic Survey disk set in a private lawn at the 
southwest corner of the intersection of Kings Highway and Adams 

Avenue in Bellmawr, New Jersey. 

Top of fire hydrant at northeast corner of the intersection of Creek 

Road and Mercer Avenue, in Bellmawr, New Jersey. Established by 

U.S. Army Corps of Engineers. 

*OUTSIDE CORPORATE LIMITS 

... ~-· -·-··· 
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DELAWARE RIVER 
-

WATER QUALITY ASSESSMENT 

1986-8 7 305(b) Report 

Delaware River Basin Commission 
West Trenton, New Jersey 

March 1988 
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the most important spawning grounds of the American Shad, an anadromous fish. 

Shad populations were drastically reduced in the past due to pollution in 

Delaware Estuary that prevented passage of migrating shad in the spring and 

fall months. A resurgence of shad has been noted as the Delaware Estuary 

became cleaner and in recent years spawning has been documented throughout the 

non-tidal section of river. Other fish migrating to the non-tidal river for 

spavaing are herring, the American eel and others. Small commercial fisheries 

are centered around the shad and eel migrations and sport fishing is of 

ecoaomic significance. A recent study of shad fishing, for example, placed a 

$3.2 million annual value on this fishery alone. 

For water quality management purposes, the non-tidal river hal been de1ignated 

Zone 1. This zone is divided into 5 sub-zones which reflect minor changes in 

the water quality standards adopted by the Delaware River Balin Co.-!11ion and 

the States of New Jersey, New York and Pennsylvania. 

DII.AJIAII IS'l"UAIL'! (ZOHIS 2, 3, 4 A11D 5) - Mill JDSI'!, PIIBStLVMll AID DUaADD 

The Delaware River becomes tidal at Trenton, New Jersey, the head of tide. 

The upper 85 miles-of tidally-influenced river is called the Delaware Estuary 

although it is a freshwater river in its upper half and, thus not entirely a 

true estuary in an oceanographic sense. The Delaware Estuary flows by 

Trenton, New Jersey; Philadelphia, Pennsylvania; Camden, New Jersey; and 

Wilaiagton, Delaware. This area is one of the world's greatest concentrations 

of heavy industry and the na~ion's second largest complex of oil refining and 

petrochemical plants. 

Mallufacturiq, althoqb declining in importance, is still a major factor 

affectiq water quality in the estuary. Major industries include paper-

. malting, cb-icals, oil-refining, shipbuilding, food processing, and others. 

The estuary's ports form the largest freshwater port in the world, the largest 

u.s. port in terms of international tonnage and the second largest u.s. port 

in total tonnage. A navigation channel running from the Atlantic Ocean to 

Trenton is maintained by dredging. The depth of the channel varies from 40 

fee~ in most reaches to 25 feet deep near Trenton, with a channel width of 300 

to 400 feat. 
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The estuary region has a population exceeding 5. 7 million people - a 

population greater than in 40 states. Zones 3 and 4 flow through the fifth 

largest u.s. urban area, the Philadelphia-Camden metropolitan area. The 

majority of residents in the estuary region use the Delaware as their source 

of water - either directly through intakes on the river or indirectly via the 

recharge of ground water aquifers. For water quality management purposes, the 

estuary has been divided into four zones: 

Zone 2, the uppermost of these zones, begins at the head of tide at Trenton, 

N.J. {l.K. 133) and extends down river twnty-five miles to a point midway 

between the mouth of Pennypack Creek, a small tributary that rune through the 

northeaat portion of the City of Philadelphia near the Tacony-Palayra Bridge. 

Althouah tidal, Zone 2 contains freshwater. In the Torreadale aection of 

Philadelphia, the city withdrawa over 200 million gallon• of water per day for 

domestic and industrial use. Smaller water supply intake• and .any induatrial 

intakes are also located in this zone. 

Zone 2 is characterized by diversity. In the upatreaa portion of the zone are 

Trenton, New Jersey {pop. 92,000) and Morrisville, Pennaylvania (pop. 10,000). 

Major land usee include various industriea and urban/suburban develo,.ent. The 

largest tributary is the Delaware liver itself at the head of tide, having an 

average annual flow of 11,671 cfs and a 6780 square mile drainage area. 

Freshwater flow into the tidal Delaware liver, hovaver, variea seaaonally and 

annually causing (alona With other factors) chanaes in water quality. 

Below Trenton, Zone 2 is characterized by small towns such aa Bordentown (pop. 

4,500), Fieldsboro (pop. 600), Florence (pop. 9,000), and Burlington (pop. 

10,000) in Mev Jersey and Bristol, (pop. 11,000) in Pennaylvania. Alao 

present are freahvater wetlands, and induatrial plants, highway coaplexea and 

increaainl suburbanization of the remaining open space. On the Pennaylvania 

side of Zone 2 is the· U.S. Steel Fairless Works, a lara• integrated 

steel-makinl facility. In the lowr reach of Zone 2 urbanization increaaes 

dramatically, with the last three milea of Zone 2 within the city liaita of 

Philadelphia. Large suburban developments include Levittown in Bucka County, 

Pennsylvania and Willingboro in Burlington County, New Jersey. 

. -8--···· 
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Major tributaries include Crosswicks Creek,. Aasiscunk Creek and Rancocas 
in New Jersey and Neshaminy Creek, Poquessing Creek and Pennypack Creek in 
Pennsylvania. Water quality in each is highly influenced by wastewater 
discharge. and urban-suburban development. Tributaries are tidal in their 
lowest reaches and, thus, affected by inflow of Delaware River water. 

Zone 2 is used extensively for recreation. ·Power boating, sailing and fishing 
are the predoainant recreational uses. River sight-seeing boats operate out 
of Philadelphia; at least two dozen marinas, boat yards and public boat ramps 
are operated; and parks have been developed adjacent to the river. Svi1111ing 
occurs in undesignated areas. 

Fishing in Zone 2 is for a variety of fish speciea, both migratory and 
resident. Studies in 1984 identified 43 specie• of fish in the zone. Fish 
species using Zone 2 waters for spawning, nursery or passage include 
largemouth ba .. , walleye, alewife, herrinc, shad. yellow and white perch,. 
striped bass, catfish, smallmouth bass and others. The short-nosed sturaeon, 
a federally-designated endangered species, 11 founcl in Zone 2 in relatively 
large nuabers. In 1987 shacl spawning was docUIIlentecl in Zone 2, a ncent 
response to the cleanup of the estuary. 

Zones 3 ancl 4 begin in Northeast Philadelphia and extencl dovnstreaa to the 
Delaware-Pennsylvania-New Jersey state line at Marcua Hook. The thirty aile 
reach haa historically been one of the most pollutecl rivers in the United 
States (see Chapter 2). In years past, massive amounts of untreated wastes 
entered the river in Zones 3 ancl 4 causinc widespreacl septic conditions and 
noxious gases emissions. Due to the cleanup of these wastes, major improve
menta in water quality ancl fisheries have been documented in recent years, 
making the Delaware Estuary one of the prellier water pollution control success 
stories in the u.s. 

Zones 3 and 4 flow through the Philaclelphia-C&IIden metropolitan area and 
adjacent urban and suburban areas. In Philadelphia, Camden, Gloucester City 

-9--

~-;.-~· ~::.-.::7::' : 

::~iit'~~~-~t?< · .. · 



I 
I 

. Chester are found extensive networks of combined sewers that discharge 

·,ad 
reaced wastewater during rain and dry periods. Industrial development is 

uat 
e"centtve and a major influence on water quality as well. In Zones 3 and 4, 

14 major industries including oil-refineries, paper manufacturing and others 

diScharge directly into the river after treatment. Many others send their 

wastewater to regional (municipal) treatment plants for treatment. 

M.aj or tributariea. to Zones 3 and 4 are Pennsauken Creek, Cooper R1 ver, Big 

Timber Creek, Mantua Creek and Raccoon Creek in New Janey; and Frankford 

Creek, Schuylkill River and Darby Creek in Pennsylvania. The Schuylkill is 

the largest Delaware River tributary, draininc 15% of the Delaware lliver 

Baa in. The lower 8 miles of the Schuylkill is tidal, with a dredced 

navigation channel and large oil refining and terainal facilities. 

The intensive industrial and port development aloq Zones 3 and 4 preclude 

much recreational access to the river. Minor aaounta of swiaainc occur 

althouch pollution and safety considerations make such activity daqe~oua. 

Boating is the primary recreational activity duriq the waraer .antha. At 

least a dozen marinas are found in Zones 3 and 4 and tour boats ara ope~ated 

out of Philadelphia. In recent years Philadelphia, Callden and adjoining 

counties have developed recreation areas alon1 the river. Several waterfront 

restaurants have opened in recent years, and this portion of the estuary 

appears to be on the threshold of intense co .. arcial, residential and 

recreational develo~nt. This new interest in the old urban waterfronts is a 

testimony to cleaner water and represents si1nificant economic benefits 

accrued froa investaents made in water pollution control facilities. 

Fishing occur• in Zone• 3 and 4 althou1h diminished by pollution and lack of 

river ace•••• A variety of fish can be found in Zones 3 and 4, but their 

nuabera at any one location or time are uncertain. Studies in 1985 and 1986 

found 36 species of fish includinl herrins, white perch, Aaerican shad, 

various catfish species, blue crab, alewife and many others. Important sport 

fishea migrate throush the zone• or reside t•porarily in the zone•, · but do 

not use thea for spawning or as a nursery area. Recent increases in the size 

and distribution of American shad runs in the non-tidal Delaware River and the 

eatablishaent of a viable year-round (albeit marginal) filh population in 
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the downstream 10 miles of this reach could be raised to support 

priury-contact recreation designated uses. Currently standards and 

designated uses are leas than necessary to meet the_ federal .. svt~~~~able" 

water quality goal. Subsequently the DRBC Water Quality Advilory 

Co111111ittee concurred with this reco1111andat1ona and the reco111111andation 

will be presented in the DEL USA Project report. 

Various water quality issues have existed prior to the DEL USA Project or have 

emerged as a result of the project. These are: 

o Toxics in water, sediments and fish tissue which represent both s huaan 

health (via fish conswaption and water supplies) and aquatic life 

threat are a major concern. 

o The need to reallocate point source wastaloada in the zona. DEL USA 

studies indicate that the impact of point sources is evenly distributed 

proportionately &~~ong dischargers and that nitroaanoua oxnan d...U 

controls are required to aaintain or raise axiatiq diaaolvad ozyaan 

standards. 

o DEL USA studies and other data indicate polluted tributaries entering 

the reach of the Delaware Estuary. Correction actions are warranted. 

o Gro~h and development ia occurring rapidly With a concurrent increase 

in point and non-point source loads to the estuary. 

_,lmiB&S'l' PIIILADILPIIIA 1'0 PDIS!LVAIIU/DU.AJIAD IOUIIDOY (ZOIIS 3 AID 4) 

Water quality of this reach of the Delaware estuary can be characterized as 

fair to poor. Tbia portion of the estuary is the aoat pollution-itreaaad 

reach of tba Delaware River and water quality reflects the impact of po~~t and 

non-point aourcaa. Bacauaa of put pollution probleaa, this area wu the 

focus of much of the activity for the DEL USA project. Observations froa the 

DEL USA Project and routine monitoring activities indicate the following: 

o The DEL USA Fish Population Study baaed on 1984-86 Pennsylvania Fish 

Coaai s sion surveys, found 36 and 35 species of fish in Zonae 3 and 4, 

respectively. The nuaber of species found in Zona 3 ia aipificant 

since data froa the 1959-1982 periOd indicated only 16 fish_ -~-~ciea. 
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HOW TO USE THIS ATLAS 

The Atlas contains reductions of all 1:24,000 National 
tory maps. Maps appear in alphabetical order. Map names 
located on the index map (Figure 2). Each map shows 
configuration, location and type of wetlands and deepwater 
found within a given area. 

WETLAND LEGEND 
. • .. 

Wetland data are displayed on maps by a series of letters and numbers 
(alpha-numerics). Mixing of classes and subclasses are represented by 
a diagonal line. The more common symbols are shown below; less common 
symbols have been omitted for simplicity. For identifying these 
latter symbols, the reader should refer to an actual NWI map legend. 

Examples of Alpha-numerics: 

E2EMN6 

E2FL = 

PFOl = 

PEM/OW = 

PFO/SSl = 

SYMBOLOGY 

Estuarine (E), Intertidal(2), Emergent Wetland(EM), 
Regularly Flooded(N), Oligohaline(6) 

Estuarine(E), Intertidal (2), Flat(FL) 

Palustrine(P), Forested Wetland(FO), Broad-leaved 
Deciduous(l) 

Palustrine(P), Emergent Wetland/Open Water(EM/OW) 

Palustrine(P), Forested Wetland/Scrub-Shrub 
Wetland(FO/SS), Broad-leaved Deceduous(l) 

Systems and Subsystems: 

. ;.: .. 

, . 

M 1 = Marine Subtidal R 3 = Riverine Upper Perennial 
M 2 = Marine Intertidal · R 4 = Riverine Intermittent 
E 1 Estuarine Subtidal L 1 = Lacustrine Limnetic 
E 2 = Estuarine Intertidal L 2 = Lacustrine Littoral 
R l = Riverine Tidal p = Palustrine 
R 2 = Riverine Lower Perennial u = Upland 

Classes (subclasses and modifers designated where appropriate): 

AB 
BB 
EM 

FL 
FOl 
F02 
F04 
ow 
SSl 
SS3 
SS4 
sss 
SS7 

= 
= 
= 

EMN6 
EMP6 
EMR 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Aquatic Bed 
Beach/Bar 
Emergent Wetland 

= Emergent Wetland, 
= Emergent Wetland, 
= Emergent Wetland, 

Flat 

Regularly Flooded, Oligohaline 
Irregularly Flooded, Oligohaline 
Seasonally Flooded-Tidal 

Forested Wetland, B~oad~leaved Deciduous 
Forested Wetland, Needle-leaved Deciduous 
Forested Wetland, Needle-leaved Evergreen 
Open Water/Unknown Bottom 
Scrub=Shrub Wetland, Broad-leaved Deciduous 
Scrub-Shrub .wetland, Broad-leaved Evergreen 
scrub-Shrub Wetland, Needle-leaved Evergreen 
Scrub-Shrub Wetlc:tnd .·Dead ··~ 
sd._~ u~~sq_:·ut>: ~et_~~:~~\,e¥9 ree~ 
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INTRODUCTION 

The u.s. Fish and Wildlife Service, Office of Habitat Resources, 
is conducting an inventory of the wetlands of the United States using convential aerial photo interpretation techniques. All 
wetlands are classified according to the Service's new system -
"Classification of Wetlands and Dee~water Habitats of the United States" (Cowardini et al. 1979). The National Wetlands 
Inventory (NWI) is establishing a wetland data base~ in both map and computer forms for the entire country. The present emphasis 
is on map production and in the future, wetland data will be 
digitized to create an automated wetland data base, as funding 
becomes available. The NWI information will serve to identify 
the current status of the u.s. wetlands and can be used as a 
reference point from which future changes in wetlands can be 
evaluated. 

The New Jersey inventory commenced in 1982 and was completed in 
1984. Wetland maps and acreage summaries are now available for 
the entire state. A state wetland report that describes in 
detail the procedures and results of the inventory is in preparation and should be ready for distribution in late 1984. 

The Atlas includes reductions of all NWI maps for New Jersey. It 
was developed mainly to facilitate office use of NWI information. 
The Atlas presents a good picture of the distribution of wetlands 
within large geographic areas. It also serves as the companion 
document for the forthcoming state wetland report. The Atlas is 
not intended to replace the use of NWI maps. The original NWI 
maps are available at the standard u.s. Geological Survey 
topographic map scale of 1:24,000. These maps are the best 
products to use in the field for site-specific wetland 
evaluations. 

Copies of original NWI maps for New Jersey can be ordered from 
the New Jersey Department of Environmental Protection, Maps and 
Publications, Bureau of Collections and Licensing, Maps and 
Publications CN-402, Trenton, NJ 08625 (609-292-2506). Other information, including a topical brief about the NWI program, can 
be obtained by contacting the Regional Wetland Coordinator, U.S. Fish and Wildlife Service, One Gateway Center, Newton Corner, MA 
02158. 

WETLAND DEFINITION 

Wetlands include the variety of wet habitats commonly called 
marshes, bogs, and swamps. They are lands where saturation with 
water or periodic flooding during the growing season determines 
the nature of soil development and types of plants and animals 
living there. The Service specifically defines "wetland" as 
follows: "Wetlands are lands transitional between terrestrial 
and aquatic systems where the water table is usually at or near 
the surface or the land is covered by shallow water. For 
purposes of this classification wetlands must have one or more 
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of the following three attributes: (1) at least 
land supports predominantly hydrophytes, (2) 
predominantly undrained hydric soil, and (3) 
nonsoil and is saturated with water or covered 
at some time during the growing season of each 
et al. 1979). 

HYDRIC SOILS 

periodically, the 
the substrate is 
the substrate is 
by shallow water 
year" (Cowardin, 

The presence of undrained hydric soil is one of the three major 
criteria used to define wetlands (Cowardin, et al. 1979). Hydric 
soils are soils that are either: (1) saturated at or near the 
soil surface with water that is virtually lacking free oxygen for 
significant periods during the growing season or (2) flooded 
frequently for long periods during the growing season (U.S.D.A. 
Soil Conservation Service 1982). The U.S.D.A Soil Conservation 
Service is preparing a list of hydric soils to accompany the Fish 
and Wildlife Service's wetland classification system. Table 1 is 
a list of hydric soil's for New Jersey. 

For specific information regarding hydric soils in New Jersey, 
contact the State Soil Scientist, U.S.D.A. Soil Conservation 
Service, P.O. Box 219, Somerset, NJ 08873. 

.WETLAND COMMUNITIES 

The Fish and Wildlife Service is preparing a list of wetland 
plants (i.e., hydrophytes) to help identify wetlands. 
Hydrophytes are defined as any plant growing in water or on a 
substrate that is at least periodically deficient in oxygen as a result of excessive water content (Cowardin, et al. 1979). A 
tent a t i v e reg i on a l l i s t i s now a v a i 1 a b 1 e for d fs t ob u t ion. In 
the future, the Service plans to develop a list of the Nation's 
wetland plant communities. At this time, however, such information is not available. 

Table 2 represents. a list of major wetland plant communities 
observed during inventory work in New Jersey. Map symbols are 
also given. They reflect dominant vegetative life-form and water 
regimes where identified (i.e., the degree of flooding and/or 
soil saturation). 

2 
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TABLE 2. Examples of major New Jersey wetland plant communities. Note: This is not a comprehensive list, but is based 

on actual field observations. Plant names generally follow Gray's Manual of Botany (Fernald 1970). · 

Wetland Type 
(Mapping Symbol) 

E2AB 

E2EM 

E2EMN6 

E2EMP6 

E2SS1 

PEMN 

PEMR 

PEM 

PSSl 

PSS3 

PFOl 

PF02 
PF04 

Dominance Types 

Zostera marina 
RuppfamarTtTma 
POtamOgeton pectinatus 
Ulva lactuca _________ _ 

spart1na--afterni flora (tall form) 
s. alterniflora (short form) 
spart1na patens 
oistichlis ~plcdld 
~ angustTIOITa 
Peltandra vir~inica 
Z1zan1a aquatiC<! 
Typha-angustifolia 
Phragm1tes australis 
Ivafrutescens 
Bacchar1s hal1mifolia 
Nuphar advena 
Z1zan1aaquaEica 
Peltandra virginica 
Typha angustTIOI1a 
Phragmites australis 
!XPha latTfolla 
Carex str1cta 
!!_ythrum saiTCaria 
Polygonum spp. 
Calamagrostis canadensis 
Pontederia cordata 
Z1zania ~atica 
Phalar1s arundlnacea 
Cephalanthus occidentalis 
Alnus spp. 
Comus amomum 
Vaccinium corymbosum 
VIburnum dentatum 
cfe~ainTIOITa 
Acer rubrum (saplings) 
SaiTx spp. 
Cfiamaedaphne 7aly<;ulata 
Kalm1a angust1fol1a 
Acer rubrum 
Nyssa sylvatica 
FraxTnus spp. 
Kcer saccharinum 
PTatanus occidentalis 
Quercus-palustrls 
Salix nigra ----
Betula nigr~ 
Quercus bicolor 
La r TXT a rrcrna 
chamaeciparTs-thtoides 
fs'c!_ga canadeiis~ ------

Plant 
Common Names 

Eelgrass 
Widgeon-grass 
Pond weed 
Sea Lettuce 
Smooth Cordgrass 
Smooth Cordgrass 
Marsh llay 
Salt Grass 
Cattail 
Arrow Arum 
Wild Rice 
Cattail 
Reed 
Hightide Bush 
Sea Myrtle 
Spatterdock 
Wild Rice 
Arrow Arum 
Cattail 
Reed 
Cattail 
Tussock Sedge 
Purple Loosestrife 
Smartweeds 
Blue Joint 
Pickerelweed 
Wild Rice 
Canary Grass 
Buttonbush 
Alder 
S i 1 ky Dogwood 
Highbush Blueberry 
Arrowwood 
Sweet Pepperbush 
Red Maple 
Willows 
Leather leaf 
Sheep Laurel 
Red Maple 
Black Gum 
Ashes 
Silver Maple 
Sycamore 
Pin Oak 
Black Willow 
River Birch 
Swamp White Oak 
Larch 
Atlantic White Ceder 
llemlock 

Water Regime 

Subtidal 

Regularly Flooded 
Irregularly Flooded 

Regularly Flooded 

Irregularly Flooded 

Irregularly Flooded 

Regularly Flooded 

Seasonally Flooded Tidal 

Seasonally Flooded 

Semipermanently Flooded 
Semipermanently Flooded 
Temporarily Flooded And Others 
Semipermanently Flooded 
Seasonally Flooded and Others 

Saturated 

Seasonally Flooded 

Temporarily Flooded 

Saturated 
Seasonally Flooded and Saturated 
Seasonally Flooded and Saturated 
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Table 3. Wetland acreage summaries for New Jersey counties. 

Wetland % of Wetland % of 
County Acreage County County Acreage County 

Atlantic 148,149 40.7 Mercer 11,819 8.1 
Berger 10,084 6.7 Middlesex 24,022 12.0 
Burlington 136,297 26.0 Monmouth 32,700 10.7 
Camden 20,922 14.8 Morris 40,264 13.4 
Cape May 89,581 52.4 Ocean 128,531 31.3 
Cumberland 98,950 30.9 Passaic 5,042 4.1 
Essex 6,833 8.2 Salem 58,987 25.3 
Gloucester 36,844 17.5 Somerset 11,127 5.7 
Hudson 3,897 13.0 Sussex 30,771 9.1 
Hunterdon 5,450 2.0 Union 3,053 4.6 

Warren 12,637 5.5 
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Contractor For Photo Interpretations: Martel Laboratories, 
Clearwater, Florida 

Field Checking: Approximately six weeks were spent in the field from 
the spring of 1978 to the present, collecting site-specific informa
tion on the variety of wetland plant communities. 

Collateral Data Used: 

(1) u.s. Geological Survey Topographic Maps; 
(2) U.S.D.A. Soil Conservation Service Soil Surveys; 
(3) State of ~ew Jersey Submerged Vegetation and Coastal Wetland Maps (NJ 
(4) The Pine Barrens: Vegetation Geography (McCormick and Jones 1973); 
(5) Delaware River Estuarine Marsh Survey (Walton and Patrick 1973). 

Minimum Mapping Unit: The minimum mapping unit is generally one to 
three acres, although wetlands less than one acre are commonly mapped. 

Reviewers Of Draft Maps: 

( 1) 
(2) 
( 3) 
( 4) 
( 5) 
( 6) 
(7) 

New Jersey Department of Environmental Protection 
New Jersey Pinelands Commission 
National Marine Fisheries Service 
U.S.D.A. Soil Conservation Service 
u.s. Army Corps of Engineers (New York and Philadelphia Districts) u.s. Environmental Protection Agency (Region II) u.s. Fish and Wildlife Service 
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CHAPTER 1. 

Introduction 

Wet habitats generally occurring between uplands and 
deepwater areas are considered wetlands. They are 
commonly referred to by a number of terms based on their 
location and characteristics. including salt marsh. tidal 
marsh. wet meadow. shrub swamp, bog, hardwood 
swamp. cedar swamp and pitch pine lowland. These areas 
are important natural resources with numerous values. 
e.g .. fish and wildlife habitat. flood protection. erosion 
control. water quality maintenance. and recreation. 

The U.S. Fish and Wildlife Service and other conserva
tion organizations have always recognized the importance 
of wetlands to watenowl. other migratory birds and 
wildlife. The Service's responsibility for protecting these 
habitats comes largely from mternational treaties between 
the United States and other countries concerrung migratory 
birds and from the Fish and Wildlife Coordination Act. 
The Service has been active in protecting these resources 
through various programs. The National Wildlife Refuge 
System was established to preserve and enhance migratory 
bird habitat in strategic locations across the country. The 
Service also reviews Federal projects and applications for 
Federal permit that involve wetland alteration. 

Since the 1950's. the Service has been particularly 
concerned about wetland losses and their impact on fish 
and wildlife populations. In !954. the Service conducted 
the tirst nationwide wetlands inventory which focused on 
lmportant watenowl wetlands. This survey was penormed 
to provide mformation tor considering fish and wildlife 
1m pacts in land-use decisions. The results of this inventory 
were published in a well-known Service report entitled 
Wetlands of the United States. commonly referred to as 
Circular 39 (Shaw and Fredine 1956 ). 

Since this survey. wetlands have continued to change 
due to both natural processes and human activities. such 
as the conversion of wetlands for agriculture. residential 
and industrial developments and other uses. During the 
1960's. the general public in many States became more 
aware of wetland values and concerned about wetland 
losses. They began to realize that wetlands provided 
significant public benefits besides fish and wildlife habitat. 
especially flood protection and water quality maintenance. 
Prior to this time. wetlands were regarded by most people 
as wastelands. whose best use could only be attained 
through alteration. e.g .. draining for agriculture. dredging 
and filling for industrial and housing developments and 
filling with sanitary landfill. Scientific swdies demon
strating wetland values. especially for coastal marshes, 
were instrumental in increasing public awareaess of 

I 

wetland benefits and stimulating concern for wetland 
protection. Consequently, several States passed laws to 
protect coastal wetlands. including Massachusetts ( 1963 ). 
Rhode Island ( 1965), Connecticut ( 1969). New Jersey 
( 1970). Maryland ( 1970). Georgia (1970), New York 
( 1972) and Delaware (1973). Several of these States 
subsequently adopted inland wetland protection legislation: 
Massachusetts. Rhode Island. Connecticut and New 
York. Most other States with coastal wetlands followed 
the lead of these northeastern States. During the early 
1970's. the Federal government also assumed greater 
responsibility for wetland protection through Section 404 
of the Federal Water Pollution Control Act( later amended 
as the Clean Water Act of 1977). Federal permits from the 
U.S. Army Corps of Engineers are now required for many 
types of construction in wetlands. although normal 
agricultural and forestry practices are exempt. 

With increased public interest in wetlands and 
strengthened government regulation. the Service 
considered how it could contribute to this resource 
management effort. Because it has prime responsibility for 
protection and management of the Nation· s fish and 
wildlife and their habitats, the Service recognized the need 
for sound ecological information to make decisions 
regarding policy. planning. and management of the 
country's wetland resources. In 1974. the National 
Wetlands Inventory Project was established to generate 
and disseminate scientific iiJ'ormation on the characteristics 
and extent of the Nation's wetlands. The purpose of this 
information is to foster wise use of U.S. wetlands and to 
provide data for making accurate resource decisions. 

Two very different kinds of information are needed: ( I ) 
detailed maps and (2) status and trends reports. First. 
detailed wetland maps for geographic areas of critical 
concern are needed for impact assessment of site-specific 
projectS. These maps serve a purpose similar to the Soil 
Conservation Service's soil survey maps. the National 
Oceanic and Atmospheric Administration· s coastal 
geodetic survey maps. and the Geological Survey's topo
graphic maps. Detailed wetland maps are used by local. 
State and Federal agencies as well as by private industry 
and organizations for many purposes including watershed 
management plans. environmental impact assessments. 
permit reviews, facility and corridor siting. oil spill 
contingency plans. natural resource inventories. wildlife 
surveys and other uses. To date. over 10.000 maps have 
been produced. covering 40% of the lower 48 States. 10% 
of Alaska, and all of Hawaii. Present plans are to complete 
wetland mapping for at least 55% of the conterminous 
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U.S. and 16% of Alaska by 1988. Secondly, national 
estimates of the current status and recent losses and gains 
of wetlands are needed in order to provide improved 
information for reviewing the effectiveness of existing 
Federal programs and policies. for identifying national or 
regional problems and for general public awareness. 
Technical and popular repons about these trends have 
been recently published (Frayer. eta/. 1983: Tiner 1984 ). 

Need for a Wetlands Inventory in New Jersey 

Sew Jersey is the most densely popuiated of our 50 
States. with almost 10% of the U.S. population living 
within 50 miles of New Brunswick 1 Robichaud and Buell 
1973). This dense population creates a high demand for 
real estate for housing and industry and numerous 
municipalities encourage wetland development by zoning 
wetlands for such uses. 

.-\ wetlands inventory was needed for New Jersey for 
several reasons: 1 I l no detailed statewide information 
existed on the distribution and extent of New Jersey's 
wetlands and deepwater habitats. ( 2 J increasing develop
ment pressures threatened the remaming inland wetlands. 
and I 3 J many inland wetlands were still not adequately 
protected by State or Federal law. Although extensive 
mapping oi coastal wetlands had been completed by the 
State. no comparable maps existed for inland wetlands. 
except for the Pine Barrens. Also. changes in coastal 
wetlands undoubtedly occurred since ihe State's maps 
were prepared in the early I 970's. \Vhile coastal wetlands 
wert> protected through the Wetlands Act of 1970. 
Jevelopment pressures on inland wetlands intensified 
parucularly in nonhern New Jersey. where wetlands. in 
many cases. represented the last large tracts of undeveloped 
land. In the late 1970's. the Pine lands Area and Pinelands 
~ ational Reserve were being established in southern New 
Jersey. which ultimately provided special protection to 
wetlands. Yet many inland wetlands outside the Pine lands 
were still relatively unprotected. although the Federal 
Clean Water Act of 1977 provided some regulation over 
wetland uses involving deposition of fill. Thus. in 1979. 
the Ser.·ice initiated a wetlands inventory in New Jersey to 
provide government administrators. private industry and 
others with improved information ior proJect planning and 
impact evaluation and for malting land-use decisions. This 
inventory would produce detailed wetland maps for the 
entire State. identify the current status of New Jersey's 
wetlands and ser.·e as the base from which future changes 
can be determined. 

Description of the Study 

New Jersey is one of the 13 nonheastem states within 
the Ser:vice's Nonheast Region. New Jersey's landscape 

is highly varied as a result of differences in geology, soils. 
climate. and vegetation. Robichaud and Buell ( 1973) 
described in great detail the relationship between 
vegetation and other factors. Five physiographic regions 
can be found within the State: ( 1) Outer Coastal Plain. ( 2) 
Inner Coastal Plain. ( 3) Piedmont. ( 4) Highlands. and ( 5) 
Ridge and Valley I Figure I). The nearly level coastal plain 
in the south is contrasted by more hilly area of the nonh. 
The climate is continental with cold winters and hot. 
humid summers. The growing season begins as early as 
March 15 in the southwestern part of the State and as late 
as April 4 in the nonhwest. Length of the growing season 
varies from 220-240 days in nonhern New Jersey to 245~ 
255 days in southern New Jersey. Precipitation averages 
42.94 inches along the coast.44.95 inches in the south and 
46.96 inches in the north 

Purpose and Organization of this Report 

The ourpose ot this publication IS to repon the findings of the Service's wetlands inventory of New Jerse~·- the 
first State completed by theN ational Wetlands Inventory 
Project- and to summarize existing information on New 
Jersey· s wetlands. The following chapters will include 
discussions of wetland concept and classification (Chapter 
2). National Wetlands Inventory techniques and results 
(Chapter 3 ). wetland formation and hydrology I Chapter 
4). hydric soils (Chapter 5). wetland vegetation and plant 
communities (Chapter 6). wetland values (Chapter 7). 
wetlands trends (Chapter 8 ). and wetland protectiol' 
I Chapter 9). The Appendix contains a list of plants found 
in New Jersey·s wetlands. Scientific name~ of plantS 
follow the National List of. Scientific Plant Names 
I C'.S.D.A. Soil Conservation Service 1982). A figure 
showing the general distribution of New Jersey's wetlands 
and deepwater habitats is provided as an enclosure at the 
back of this repon. 
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CHAPTER 2. 

U.S. Fish and Wildlife Service's 
Wetland Definition 

and Classification System 

Introduction 

To begin inventorying the Nation ·s wetlands. the Service 
needed a definition of wetland and a classification system 
to identify various wetland types. The Service. therefore. 
examined recent wetland inventories throughout the 
.:ountry to learn how others defined and classified wetlands. 
The results of this exammation were published as Existing 
State and Local Wetlands Surveys (1965-1975) (U.S. 
Fish and Wildlife Ser>Ice l976t. More than 50 wetland 
-::lassificauon schemes were idenutied. Of those. only one 
dassiticauon - the Manin. et ai. system 1 1953) - was 
nationally based. while all others were regionally focused. 
In January 197 5. the Service brought together 14 authors 
of regional wetland classifications and other prominent 
wetland scientists to help dec1de if any existing classifica
tion could be used or modified for the national inventory or 
if a new system was needed. They recommended that the 
Service attempt to develop a· new national wetlanc! 
classification. In July 1975. the Service sponsored the 
;-..lational Wetland Classification and Inventory Workshop. 
where more than 150 wetland scientists and mapping 
expens met to review a preliminary draft of the new 
wetland classification system. The consensus was that the 
system should be hierarchial in nature and built around the 
-::oncept of ecosystems 1 Sather 1976 ). 

Four key obJectives for the new system were established: 
l 1 to develop ecologically similar habitat units. 2) to 
arrange these un1ts m a system that would facilitate 
resource management decisions. 3) to furnish units for 
inventory and mapping, and 4) to provide uniformity 
in concept and terminology throughout the country 
1 Cowardin. et ai. 1979). 

The Service's wetland classification system was· de
veloped by a four member team. i.e .. Or. Lewis M. 
Cowardin (U.S. Fish and Wildlife Service), Virginia 
Carter (U.S. Geological Survey). Dr. Francis C. Golet 
(University of Rhode Island) and Dr. Edward T. LaRoe 
(National Oceanic and Atmospheric Administration). 
with assistance from numerous Federal and State agencies, 
university scientists. and other interested individuals. The 
classification system went through three major drafts and 
extensive field testing prior to its publication as 
Classification of Wetlands and Deepwater Habitats of 
the United States (Cowardin, et aL 1979). Since its 
publication, the Service's classification system has been 

widely used by Federal. State. and local agencies. univer
sity scientists. and private industry and non-protit 
organizations for identifying and classifying wetlands. At 
the First International Wetlands Conference in New 
Delhi. India. scientists from around the world adopted the 
Service's wetland detinition as an international standard 
and recommended testing the applicability of the classifi
cation system in other areas. especially in the tropics and 
subtrop1cs 1 Gopal. et at. 1982 ). Thus. the system appears 
to be moving quickly towards its goal of providing 
uniformity m wetland concept and terminology. 

The Service's Definition of Wetland 

Conceptually. wetlands lie between the better drained. 
rarely flooded uplands and the permanently flooded deep 
waters oflakes. rivers and coastal embayments 1 Figure 2 ). 
Wetlands generally include the variety of marshes. bogs. 
swamps. and bottomland forests that occur throughout the 
country. They usually lie in upland depressions or along 
rivers. lakes and coastal waters where they are subject to 
periodic tlooding. Some wetlands. however. occur on 
slopes where they are associated with ground-water seeps. 
To accurately inventory this resource. the Service had to 
determine where along this natural wetness continuum 
wetland ends and upland begins. While many wetlands lie 
in distinct depressions or basins that are readily observable. 
the wetland-upland boundary is not always that easy to 
identify. This is especially true in the Pine Barrens where 
many wetlands occur in almost imperceptably shallow 
depressions. covering vast acreages with just a slight 
change in elevation. In these areas. only a skilled wetland 
ecologist or other specialist can accurately identify the 
wetland boundary. To help ensure accurate and consistent 
wetland determination. an ecologically based definition 
was constructed by the Service. 

Wetlands were historically defined by scientists working 
in specialized fields. such as botany or hydrology. A 
botanical definition would focus on the plants adapted to 
flooding and/or saturated soil conditions. while a 
hydrologist's definition would emphasize fluctuations in 
the position of the water table relative to the ground 
surface over time. A more complete definition of wetland 
involves a multi-disciplinary approach. The U.S. Fish and 
Wildlife Service has taken this approach in developing its 
wetland definition and classification system. 
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In developing a multi-disciplinary definition of wetland. 
the Service first acknowledged that ··There is no single. 
.:orrect. indisputable. ecologically sound definition for 
wetlands. primarily because of the diversity of wetlands and because the demarcation between dry and wet environ
ments lies along a continuum·· (Cowardin. eta/. 1979). 
After all. a wealth of wetland definitions grew out of different needs for defining wetlands among various 
groups or organizations. e.g .. wetland regulators. water
r"owi managers. hydrologists. flood control engineers and 
·.1 ater qualny experts. The Service has not attempted to 
iegally define wetland. since each State or Federal 
regulatory agency has defined wetland somewhat dif
!erently to suit its administrative purposes (Table I). 
Thererore. according to existing wetland laws. a wetland is whatever the law says it is. For example. New Jersey·s Coastal Wetland Protection Act( N.J. Stat. Ann. 13:9A-l to I 3:9 A -I 0 1 detines coastal wetland as ··any bank. marsh. swamp. meadow. flat or other low land subject to 
tidal action in the State of New Jersey along the Delaware Bay and Delaware River. Raritan Bay .... including those :ll'eas now or fonnerly connected to tidal action whose 
surface is at or below an elevation of one foot above local extreme high water and upon which may grow or is 
capable of growing some. but not necessarily all. or" the 
following: salt meadow grass (Sparrina parens). spike 
grass !Distich/is splcara ). black grass (Juncus gerardi ), 
salt marsh grass (Sparrina alremijlora ) ..... " This 
definition also specifically excludes land "subject to the JUrisdiction of the Hackensack Meadowlands Develop
ment Commission ... even though the Commission controls 
the use of extensive tidal marshes. Thus. this legal definition restricts the term .. coastal wetland'' to tidal 
marshes having a specific assemblage of plants within 
certain geographical boundaries. The Service needed a 

definition that would allow accurate identification and delineation of the Nation· s wetlands for resource 
management purposes. 

The Service specifically defines wetlands as follows: 
"Wetlands are lands transitional between terrestrial and aquatic systems where the water table is usually at or near the surface or the land is covered by sha/iok' water. For purposes of this classification wetlands. must ha~·e one or more of the following three attnbutes: 1) at least pen·odicaiiy, the land supports predominantly hydrophyres: 2) the substrate is predominantly undrained hydric soil; and J) the substrate is nonsoil and is saturated with water or covered by shailow water at some rime during the growing season of each year. " ( Cowardin. er al. 1979) 

In defining wetlands from an ecological standpoint. the Service emphasizes three key attributes of wetlands: ( I l hydrology- the degree of flooding or soil saturation. ( 2) wetland vegetation ( hydrophytes ). and ( 3) hydric soils. All areas considered wetland must have enough water at some time during the growing season to stress plants and 
animals not adapted for life in water or saturated soils. . Most wetlands have hydrophytes and hydric soils present: The Service has prepared a preliminary list of wetland 
plants and the Soil Conservation Service has developed a list of hydric soils to help identify wetland. 

Particular attention should be paid to the reference to 
flooding or soil saturation during the growing season in the Service's wetland definition. When soils are co\'ered by 
water or saturated to the surface. free oxygen is not available to plant roots. During the growing season. most 
plant roots must have access to free oxygen for respiration 
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Table I. Definitions of "wetland" according to selected Federal agencies and State statutes. 
Organization I Reference I 

L:.S. Fish and Wildlife 
Service 1 Cowardm. era/. 
1979) 

l'.S. Fish and Wildlife 
Service and L'.S. Soii 
Conservation Service 1 Shaw 
and Fred10e 19561 

l·.s. Army Corps of 
Engmeers 1 F ederaJ Register. 
Jul\ I<l.l9~~:July.2.2.!98.2i 

State oi Ne" Jersey 1 N.J. 
Pine lands C omprene:1s1ve 
~1anagement P1an. 1980: 
Pmeianas Protecuon Act . 
SJ ST A 1. A~N Secuon 
13 II'· I t0 13:.29.) 

State of New Jersey (Coastal 
Wetland Protection Act
N.J. STAT ANN. Section 
13:9A-l to 13:9A-10) 

Wetland Definition 

··wetlands are lands transitional between terrestnal 
and aquatic systems where the water table is usually at 
or near the suriace or the land is covered by shallow 
water. For purposes of this classification wetlands 
must have one or more of the following three attnbutes: 
I l at least penodically. the land supports predommantly 
hydrophytes: .2 l the substrate is predominantly un
drained hydric soil: and 3) the substrate 1s nons01l and 

Comments 

This is the official Fish and Wildlife Service 
definition and is being used for conducting an 
inventory oithe Nation·s wetlands. It replaces the 
previous detinition which 1s also outlined in this 
table. Emphas1zes rlooding and1or SOil saturauon. 
hydnc soils and vegetation. Shallow lakes and 
ponds are included as wetland. Comprehensive 
lists of wetland plants and soils are being developed 

is saturated with water or covered by shallow water at to further clan!\ this detinmon. 
some time auring the growing season oi each year.·· 

··Wetlands are lowlands covered with shallow and 
someumes temporary or intermittent waters.·· They 
include marshes. swamps. bogs. wet meadows. pot
holes. sloughs. nver overt low lands. and shallow lakes 
and ponds. 

Wetlands are ··those areas that are inundated or 
saturated b,· surt·ace or ground water at a frequency 
and duration surlicient to support. and that unae· 
normal Circumstances ao support. a pre,·alence ,~·· 
vegetation typ1cally adapted for lift' in saturated s01l 
~ondiuons. Wetlands generally include swamps. 
marshes. bogs anci s1muar areas.·· 

.. Wetlands are those lands which are inundatea o~ 
saturated bv water at a magnitude. auniiaon am:; 
frequency sutlicient to support the !!rowth of hy<ircr 
phytes. Wetlands mclude lands wnh poorly dramed or 
very poorly dramed soil~ a.~ designated oy the Nauonal 
Cooperauve Soils Survey of the Soil Cunservat101: 
Sen·•ce oitne Umted States Department ofAgnculture 
Wetland~ 10clucie coastal wetlands and mland wettan~-. 
mcluding submerged lands ... 

··coastal wetlands are banks. low-tv10!! marshes. 
meadows. tlats. and other rowiands sub.tect to uda: 
mundation wn1ch support or are capable of supportmg 
one or more of the following plants: .. twenty-nan~ 
plants are listed. ··Inland wetlands .. are aetined as 
mcluding. Out not !united to, Atlantic white ced~ 
swamps (I 5 plants listed I. hardwood swamps ( 19 
plants specified). pitch pine lowlands ( 10 plants 
listed). bogs ( 12 plants Identified). inland marshes 16 
groups of plants listed), lakes and ponas. and river~ 
and streams. 

"Coastai wetlands" are ··any bank, marsh. swamp. 
meadow. flat or other low land subject to tidal action 111 

the Delaware Bay and Delaware River. Raritan Bar. 
Sandy Hook Bay, Shrewsbury River tncluding 
Navesink River. Shark River, and the coastal mlanc 
waterways extending southerly from Manasquan Ittlet 
to Cape May Harbor. or at any inlet. estuary or those 
areas now or formerly coMec:ted to tidal wnose 
surface 1s at or oelow an elevation of I ioot above local 
extreme high water. and upon which may grow or is 
capable of growing some. but not necessarily all. of tne 
foliowing: .. 19 plants are listed. Coastal wetland~ 
exclude ··any lana or real propeny subject to the 
jurisdiction of the Hackensack Meadowlands Devel~ 
ment Commission .... " 

Former Fish and Wildlife Sen·ice definition. 
Although this derinition IS generally weak. 20 
individual wetland types were described 10 terms 
oi water permanence and depth. salinity and 
,·egetation. This is the orlicial detination or the 
lJ.S.D.A. Soil Consen·auon Service. Wetland 
detinition inciudes shailow lakes and ponds. but 
not permanent waters of streams. reserv01rs and 
deep lakes. 

Regulatory derlnation 10 response to Section 404 of 
the Clean Water Act of 19-:'7. Excludes s1mtlar 
areas lacking vegetation. such as udai flats. anc 
does not detine lakes. ponds and nvers as wetland. 

State regulatory detiniuon. Emphas1zes geographic 
location 11.e .. Pinelands AreaJ. vegetation. wet 
soils. and tloodingor soii saturation. Lakes. ponds. 
nvers ana streams are included 10 thiS wetland 
defanatlor .. 

State regulatory definition for tidal weuana~. 
Emphasizes tidal flooding. geographic location. 
elevation and vegetatior .. 
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and gro\vth: !loading .at this time would have serious 
implications lor the growth and survival of most plants. In 
a wetland situation. plants must be adapted to cope with 
these stressful conditions. If. however. tlooding only 
occurs in wmter when the plants are dormant. there is little or. no effect on them. 

Wetlands typically fall within one oi the following five 
categones: 1 I J areas With ooth hydrophytes and hydric 
soils I e.g .. marshes. swamps and bogs1. (2) areas without 
hydrophytes. but with hydric soils I e.g .. tidal tlats l. ( 3\ 
areas with hydrophytes but wnh non-hydric soils 1 e.g .. 
margins oi impoundments where hydrophytes have 
;::oionized non-hydric but now tlooded soils). 14) areas 
'-\ ithout soils but wnh hydrophytes 1 e.g .. seaweed-covered 
~ocKy shores 1. and 15 J penodicaily tlooded areas without 
'Oii and without hydrophytes re.g .. gravei beacnesl. 
C omoietely drained hydric soils that are no longer capable 
·r sur:Jpomng nyorophytes due 10 a change in water regime 

:..:e 'lot considered wetland. Areas with completely drained 
: anc so1is are. nowever. good mdicators of historic 

. ~t•anOS ·.1 hich !1la\· De SUitable for restoration through 
JC?adon ·)ro•ects. 

· :•1:"':<.H1< :o .7lenuon .. 1at we Service does not 
.~c.uae ::ermanenuv tlooded deepwater areas 

· ·:. .:. .. ; ll>ugh shallow waters are ciassified as 
~s~eaa. ,iJese deeoer water bodies are oetined as 

: ~r ~aanats. since water and not air is the principal 
cu.um .n ,, mch oomtnant organisms iive. Along the 

~oast ;n tidal areas. the deepwater habitat begins at the 
~xtreme ~onng iow tide level. In nontidal freshwater areas. 
·~owe\'er. :h1s nabnat starts at a depth of 6.6 feet 12m) 
':'.ecause the shallow water areas are often vegetated with 
<?mergent wetland oiants. 

~t.e Service's ".Vetland Classification Svstem 

• •1\\ :ng ~.:cuon :·eoresems a Simpllrieo overv1ew 
1): ·.,·~ ::erv1ce s wetland classification system. Con
'eoi.lent.,·. some of the more ,ecnnicai ooints have been 
: "• •P.ll rom th1s discuss1on .. \/hen actua.ly CJassir\·ing a 

w' 1n0 . ne ·eauer S l01' 1St!O ro rerer iO ,ne orticiai 
.,, .:..~.~on ·:.ocumem ,(owarutn. er at. !979) and 

· .• ·1 ~., ... ~.·· ;o,ei,· on ems oven:1ew. 

-1e Sernce s o.1 ell ana ctassuication system IS ruerarch1al 
'!rtiCa• in nature proceeding from general to specific. as 

c:.,.:a :n ?igure 3. In this approach. wetlanas are first 
uerinea at a rather broad level - the system. The term 
system represents "a complex of wetlands and deepwater 
:1abitats that share the influence of similar hydrologic. 
geomorphologic. chemical. or biological factors.·· Five 
systems are defined: Marine. Estuarine. Riverine. 
Lacustrine and Palustrine. The Marine System generally 
consists of the open ocean and its associated coastline. 

while the Estuarine System encompasses sait and brackish 
marshes and brackish waters of coastal rivers and 
embayments. Freshwater wetlands and deepwater habitats 
fall into one of the other three systems: Riverine 1 e.g .. 
rivers and streams). Lacustrine. (e.g .. lakes. reservOirs 
and large ponds J or Palustrine (e.g .. marshes. bogs. 
swamps and small shallow ponds L Thus. at the most 
general level. wetlands can be detined as either Marine. 
Estuarine. Riverine. Lacustrine or Palustrine 1 Figure 4\. 

Each system. with the exception of the Palustrine. is 
funher subdivided into subsystems. The \Iarine and 
Estuarine Systems both have the same two subsystems. 
which are defined by tidal water levels: 1 I J Subtidal -
continuousiy submergeo areas and 121 lntenidal - areas 
alternately tlooded by tides and exposed to air. Simiiarly. 
the Lacustrine System is separated into two systems based 
on water depth: ( ll Littoral -wetlands extf!hding irom the 
lake shore to a depth of 6.6 feet I 2m) below low water or to 
the extent of nonpersistent emergents 1 e.g .. arrowheads. 
pickerelweed or spatterdock 1 if they grow beyond that 
depth, and 1 2 l Limnetic- deepwater habitats lying beyond 
· · e 6.6 I 2m 1 feet at low water. By contrast. the Riverine 
:::ystem is iunher detined by four subsystems which 
represent aifferent reaches of a !lowing freshwater or I otic 
system: ( I) Tidal- water ievels subject to tidal fluctuations. 
( 2) Lower Perennial - permanent. slow-flowing waters 
with a weil-deveioped tloodplain. ( 3) Upper Perennial -
permanent. fast-tlowing water with very little or no 
floodplain aevelopment. and ( 4 J Intermittent - channel 
containing nontidal flowing water for only pan of the year. 

Below the subsystem. we encounter the class level 
which describes the general appearance of the wetland or 
deepwater habitat in tenns of the dominant vegetative life 
fonn or the composition of the substrate. where vegetative 
cover is less than 30% (Table 2). Of the II classes. five 
~efer to areas where vegetation covers 30°1:> or more of the 
•Jrt"ace: Aquatic Bed. Moss-Lichen Wetland. Emergent 

.Vetland. Scrub-Shrub Wetland and Forested Wetland. 
The remaining six classes represent areas generally 
lacking vegetation. where the composition of the substrate 
and degree oi !loading distinguish classes: Rock Bottom. 

· U nconsoiidated Bottom. Reef (sedentary invenebrate 
colony), Streambed. Rocky Shore, and Unconsolidated 
C:hore. Permanently !loaded unvegetated areas are 
.assiried :1s either Rock Bottom .)r L nconsolidatea 

3ottom. •vnile exposea areas are •yped as Streambed. 
Rocky Shore or Unconsolidated Shore.lnvenebrate reefs 
are found in both permanently !loaded and exposed areas. 

Each class is funher divided into subclasses to better 
defme the type of substrate in unvegetated areas (e.g .. 
bedrock. rubble. cobble-gravel. mud. sand. and organic 1 
or the type of dominant vegetation (e.g., persistent or 
nonpersistent emergents. moss, lichen, or broad-leaved 
deciduous. needle-leaved deciduous. broad-leaved ever-
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Subsystem Class 

E
Rock Bottom r--------Subtidal----------......, Unconsolidated Bottom Aquatic Bed 
Reef Marine----~ 

Aquatic Bed 
Reef I ntertidai -----------\[Rockv Shore 
Unconsolidated Shore 

r Rock Bottom 
1-Unconsolidated Bottom r--------Subtidal----------~;-Aquat1c Bed 
'-Reef 

L Estuarine---.....; I 
; Aquatic Bed 
I- Reef f- Streambed 

'---------I ntertidal-----------1- Rocky Shore r l1 nconsolida ted Shore 

t 
Emergent Wetland 
Scrub-Shrub Wetland 
Forested Wetland 

r Rock Bottom 
f- Unconsolidated Bottom 
I- Aquatic Bed .---------Tidal-------------, 

~ 
Rockv Shore 
Unco~solidated Shore 
Emergent Wetland 

r Rock Bottom 
t- Unconsolidated Bottom 

r--------Lower Perennial---------1 Aquatic Bed ,_ Rockv Shore L.- Rive~me -----1 L Unco~solidated Shore 
L Emergent W'!tland 

i 
I 

~
Rock Bottom 
Unconsolidated Bottom r--------lJpper Perenmal---------+--Aquauc Bed 
Rockv Shore 
Unconsolidated Shore 

Rock Bottom ,---------Limnetic --,----------+-Unconsolidated Bottom 
LAquatic Bed ;._Lacustrine--~ 

E
Rock Bottom 
Unconsolidated Bottom 

Littoral Aquatic Bed .___...,...._____ ------------if-Rocky Shore 

t Unconsolidated Shore 
Emergent Wetland 

E 
Rock Bottom j 
Unconsolidated Bottom L ~~~ P 

§Unconsolidated Shore alustrine-------------------------~ 
Moss-Lichen Wetland 
Emergent Wetland 
Scrub-Shrub Wetland 
Forested Wetland 

Classification hierarchy of wetlands and deepwater haouats showing systems. subsystems. and classes. The Palustrine System does not include deepwater habitats (Cowardin. eta/. 1979). 
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Figure 4. Diagram showing major wetland and deepwater habitat systems. Predominant wetland classes for each system are also 
designated. 
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Table 2. Classes and subclasses oi wetlands and deepwater hab1tats 1 Cowardin. er ai. 1979). 

Class 

Rock Bonom 

L" nconsolidated Bottom 

.'\quauc Bed 

Retf 

.S:treambed 

~"'·Dci.:y Share 

loconsolidated Shore• 

\1oss-L1chen Wetland 

!E~ent Wetland 

s~.oub- Shrub Wetland 

Forested Wetland 

Brief Description 

Generally permanently flooded areas w1th bottom sub
strates conststing ol at least i 5% stones and boulders and 
less than 30% vegetative cover. 

Generally permanently flooded areas wtth bottom sub
trates conststing ol at least 25% pantcles smaller than 
stones and less than 30% vegetative cover. 

Generally perm:utently flooded areas vegetated by plants 
growing prmc1pally on or below the water surt·ace line. 

Ridge-like or mound-like structures formed by the colom
zauon and growth of sedentary mvenebrates. 

Channel whose bottom 1s completed dewatered at low 
. ..,·ater penods. 

Wetlands charactenzed by bedrock. stones or boulders 
w1th areal coverage of 7 5°'0 or more ana w1th less than 
30% co,·erage by vegetauon. 

Subclasses 

Bedrock: Rubble 

Cobble-gravel: Sand: Mud: Organic 

Algal: Aquatic Moss: Rooted Vascular: Floating 
Vascular 

Coral: Mollusk: Worm 

Bedrock: Rubble: Cobble-gravel: Sand: Mud: 
Organic: Vegetated 

Bedrock: Rubble 

Wetlands hanng unconsolidated substrates with less than Cobble-gravel: Sand: Mud: Orgamc: Vegetated 
~5% coverage by stone. boulders and bedrock and less 
than 30°·o vegetative cover. except by piOneer plants. 

f*NOTE: This class combines two classes oi the 1977 
operauonal draft system · Beach/Bar and Flat l 

Wetlands dominated by mosses or lichens where other 
plants have less than 30% coverage. 

Wetlands dommated by erect. rooted. herbaceous 
hydrophytes. 

Wetlands dominated by woody vegetation less than 20 
feet (6 m1 tall. 

Wetlands dominated by woody vegetation greaterthan 20 
ieet (6 m) tall. 

Moss: Lichen 

Persistent: Nonpersistent 

Broad-leaved Deciduous: Needle-leaved 
Deciduous: Broad-leaved Evergreen: Needle
leaved Evergreen: Dead 

Broad-leaved Deciduous: Needle-leaved 
Deciduous: Broad-leaved Evergreen: Needle· 
leaved Evergreen: Dead 

;;:reen. needle-leaved evergreen and dead woody plants l. 
Bdow the subclass level. dominance type can be applied 
to specify the predominant plant or animal in the wetland 
community. 

tidal and ( 2) non tidal. Tidal water regimes are used where 
water level fluctuations are largely driven by oceanic tides. 
Tidal regimes can be subdivided into two general categories. 
one for saltwater and brackish water tidal areas and 
another for freshwater tidal areas. This distinction is 
needed because of the special importance of seasonal river 
overflow in freshwater tidal areas. By contrast. nontidal 
modifiers define conditions where surface water runoff. 
ground-water discharge. and/or wind effects (i.e .. lake 
seiches) cause water level changes. Both tidal and non tidal 
water regime modifiers are presented and briefly defined 
in Table 3. 

To allow better description of a given wetland or 
deepwater habitat in regard to hydrologic. chemical and 
sdi!l.dharacteristics and to human impacts. the classification 
S!>":Stem contains four types of specific modifiers: ( I ) Water 
Regime. (2) Water Chemistry, (3) Soil. and (4) Special. 
These modifiers may be applied to class and lower levels 
of dre classification hierarchy. 

Water regime modifiers describe flooding or soil satura
tioa £:onditions and are divided into two main groups: ( 1 ) 

Water chemistry modifiers are divided into two 
categories which describe the water's salinity or hydrogen 
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Table 3. Water regime modifiers. both tidal and no~tidal groups ( Cowardin. eta/. 1979). 

Group Type Of Water Water Regime 

Tidal Saltwater and brackish areas Subtidal 

Irregularly exposed 

Regularly tlooded 

Irregularly tlooded 

Definition 

Permanently tlooded by tides 

Exposed less often than daily by tides 

Daily tidal flooding and exposure to air 

Flooded less often than daily and typ1cally exposed 
to air 

Fresh'\\<ater Permanently flooded-tidal Permanently flooded by tides and river or exposed 
irregularly by tides 

Semipermanently tlooded-tidal Flooded for most of the growing season by river 
overflow but With tidal tluctuauon 1n water levels 

Regularly flooded Daily tidal tlooding and exposure to a1r 

Seasonally flooded-tidal Flooded irregularly by udes and seasonally by 
river overflow 

Temporarily flooded-udal Flooded irregularly by tides and tor bnei penods 
during growmg season by nver ovenlow 

Nonudal Inland freshwater 
and saline areas 

Permanently tlooded 

Intermittently exposed 

Flooded throughout the year in all years 

Flooded year-round except dunng extreme 
droughts 

Semipermanently tlooded Flooded throughout the growmg season in most 
years 

Seasonally flooded 

Saturated 

Temporanly flooded 

Intermittently flooded 

Anificially tlooded 

ion concentration (pH): ( 1) salinity modifiers and ( 2) pH 
modifiers. Like water regimes. salinity modifiers have 
been funher subdivided into two groups: halinity mod
ifiers for tidal areas and salinity modifiers for nontidal 
areas. Estuarine and marine waters are dominated by 
sodium chloride. which is gradually diluted by fresh water 

Flooded for extended periods in growing season. 
but surface water 1s usually absent bv end of 
growing season 

Surface water is seldom present. but substrate is 
saturated to the surface for most of the season 

Flooded for only brief periods dunng growing 
season. with water table usually well below the soil 
surf ace for most of the season 

Substrate is usually exposed and only tlooded for 
variable periods without detectable seasonal 
periodicity (Not always wetland: may be upland in 
some situations) 

Duration and amount of flooding is controlled by 
means of pumps or siphons in combination with 
dikes or dams 

as one moves upstream in coastal rivers. On the other 
hand. the salinity· of inland waters is dominated by four 
major cations (i.e .. calcium. magnesium. sodium and 
potassium) and three major anions (i.e .. carbonate. sulfate, 
and chloride). Interactions between precipitation. surface 
runoff. ground-water flow. evaporation. and sometimes 

• 
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Table 4. Salinity modifiers for coastal and inland areas (Cowardin. et aL 1979). 

Coastal Modifien1 
lulaad Moclifien" 

Approximate Specific Conductance 
Salinity (o/oo) (Mhos at 25• C) 

Hyperhaline Hypersaline >40 >60.000 

Euhaline Eusaline 30-40 45 .000-60.000 

Mixohaline 1 Brackish) Mixosaline' 0.5-30 800-45.000 

Polyhaline Polysaline 18-30 30.000-45 .000 

~esohaline Mesosaline 5-18 8.000-30.000 

Oligohaline Oligosaline 0.5-5 800-8.000 

Fresh Fresh <0.5 < 800 

Coastal modifiers are employed m the Manne and Estuanne Systems. 
·Inland modifiers are employed m the Rivenne. Lacustnne and Palustrine Systems. 
The tenn .. bracktsh .. should not be used for inland wetlands or deepwater habitats. 

plant evapotranspiration fonn inland salts. Table 4 shows 
~anges ol halinity and salinity modifiers which are mod
llicauons of the Venice System ( Remane and Schlieper 
I (}i I l. The other set of water chemistry modifiers are pH 
modifiers tor identifying acid (pH<5.5). circumneutral 
15.5-7.-+l and alkaline (pH>7.4) waters. Some studies 
have ~hown a good correlation between plant distribution 
;md pH levels ( Sjors 1950: Jeglum 1971 ). Moreover. pH 
-:an be used to distinguish between mineral-rich and 
mineral-poor wetlands. 

The third group of modifiers - soil modifiers - are 
presemeu hecause the nature of the soil exerts strong 
;ntlut:nce~ on plant growth and reproduction as well as on 
the animals living in it. Two soil modifiers are giVen: (I) 
mineral and 1 2) organic. In general. if a soil has 20% or 
more or11_anic matter by weight in the upper 16 inches. it is 
considered an organic soil. whereas if it has less than this 
amount. it is a mineral soil. For spt:cific definitions. please 
refer to Appendix D of the Service· s classification system 
( Cowardin. er ai. 1979) or to Soil Taxonomy ( U.S.D.A. 
Soil Conservauon Service 197 Sl. 

The final set of modifiers - special modifiers - were 
established to describe the activities of people or beavers 
affecting wetlands and deepwater habitats. These modifiers 
include: excavated. impounded(i.e .. to obstruct outflow of 
waten. diked (i.e .. to obstruct inflow of water). partly 
drained. fanned. and anificiaJ (i.e .. materials deposited to 
create or modify a wetland or deepwater habitat). 
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Figure 7, Relative abundance oi New Jersey wetlands, 

Of the 289.505 estuarine wetland acres. 72% was 
emergent wetland. Most of this acreage was salt and 
brackish marsh (201.448 acres). while 6.005 acres of 
slightly brackish or oligohaline marsh were inventoried. 
Intertidal flats accounted for 48.652 acres and aquatic 
beds for 31.181 acres. 

Other wetlands found included 1.5 78 acres of lacustrine 
wetlands associated with lakes and reservoirs and 7.481 
acres of marine beaches and bars. Lacustrine wetlands 
consisted of either nonpersistent emergent wetlands. 
aquauc beds or t1ats. 

Deepwater habitat acreage in New Jersey totaled 
~ 12.949 acres. excluding marine waters. Most of this 
18 7% or 35 7.523 acres) was represented by estuarine or 
brackish tidal water of bays and coastal rivers. Tidal fresh 
water rivers amounted to II. 708 acres. while other 
freshwater rivers totaled 5,484 acres. Lakes and reservoirs 
covered 38.234 acres. 

Counr.v Tora/s 

Acreages of wetland and deepwater habitat for each 
county are found in Tables 6 and 7. respectively. while 
Figure 8 shows the relative abundance of wetland in each 
county. Atlantic County had the largest extent of wetland 
( 148.149 acres) and was closely followed by two other 
coastal counties: Burlington ( 136,297 acres) and Ocean 
( 128.531 acres). If the percentage of the county occupied 
by wetland is examined. Cape May County led all others 
with more than half the county being wetland. Atlantic. 
Ocean. Cumberland. BurlingiOil and Salem Counties 

followed with 40.7%. 31.3%. 30.9%. 26% and 25.3%. 
respectively. The presence of vast acreages of coastal 
marshes in these counties was responsible for their lead 
over non-coastal counties in this category. 

Considering the extent of deepwater habitat. the coastal 
counties again had more acreage than inland counties 
(Table 7). The existence of lane bavs behind barrier 
islands in coastal areas greatly contributed to this dif
ference. Cumberland County with much of. the New 
Jersey portion of Delaware Bay far exceeded all other 
counties in deepwater habitat acreage. Lakes and reservoirs 
(lacustrine waters). by contrast. were most extensive in 
northern New Jersey. partic!,llarly Morris and Sussex 
Counties. 

The relative abundance of the more extensive wetlands
the estuarine and palustrine wetlands - are displayed in 
Figures 9 and 10. respectively. The extent of different 
wetland types and deepwater habitats for each county is 
discussed in the following subsections. 

Atlantic: County 

Atlantic County had more wetland than any other 
county. Its 148.149 acres of wetland covered nearly 41% 
of the county. This county ranked only second to Cape 
May County in the percentage of its land area that is 
represented by wetland. Slightly more than 33% of 
Atlantic"s wetland resource was palustrine deciduous 
forested wetland. while estuarine emergent wetland made 
up 30%. Evergreen forested wetland was also quite 
abundant. comprising 16% of all wetland acreage. 
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Figure 8. Percentage of each New Jersey county covered by wetland. 
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Table 6. Wetland acreage of New Jersey counties. Percentage of county represented by wetland and ranking based on wetland acreage are also md.icated. Land area figures based on The World Almuac ud Book of Facta (Delury 1979). 

%County Rankin1 Order Land Area Land Area Wetland Area Represented By Wetland County (sq. mi.) (Acres) (Acres) by Wetlud Acrea1e 
Atlantic 569 364.160 148.149 40.7 I Bergen 234 149,760 10,084 6.7 16 Burlington 819 524,160 136,297 26.0 2 ~Camden 221 141.440 20,922 14.8 12 Cape May 267 170.880 89,581 52.4 Cumberland 500 320.000 98,950 30.9 4 Essex 130 83.200 6.833 8.2 17 ~Gloucester 329 210.560 36,844 17.5 8 Hudson 47 30.080 3,897 13.0 20 Hunterdon 423 270.720 5.450 2.0 18 Mercer 228 145,920 11,819 8.1 14 Middlesex 312 199.680 24.022 12.0 II \1onmouth 476 304.640 32.700 10.7 9 \1oms 468 299.520 40.264 13.4 7 Ocean 642 410.880 128.531 31.3 3 Passa~c 192 122.880 5,042 4.1 19 Salem 365 233.600 58,987 25.3 6 Somerset 307 196.480 11.127 5.7 15 Sussex 527 337.280 30.771 9.1 10 L:ruon 103 65.920 3.053 4.6 21 Warren 362 231.680 12.637 5.5 13 State Total 7.521 4.813,440 915.960 19.0 

Table 7. Deepwater habitat acreage of New Jersey counties. Note: (I) Figures do not include marine waters: ( 2) Riverine acreages are conservative. smce linear map features were not measured: (3) Part of Delaware Bay was not mapped because no U.S.G.S. topographic maps exist: estuarine water acreage for this area was approximated and not included within Cumberland or Cape May totals. 

Estuarine Walen Riverine Waten Lacustrine Walen Total County (Acres) (Acres) (Acres) (Acres) Rankin1 Order 
Atlanuc 13.744 146 1.584 15.474 6 Bergen 5.324 336 2.089 7.749 8 Burlington 1.755 3.429 1.880 7.064 11 ~Camden 0 2.245 343 2,588 17 Cape May 39.747* 4 572 40.323 3 Cumberland 89.586• 166 3.129 92.881 I Essex 1.15 I 161 662 1.974 18 --) G 1oucester 764 4.406 656 5.826 12 Hudson 9.170 0 0 9,170 7 Hunterdon 0 1.125 3.504 4,629 14 Mercer 0 1.068 424 1.492 19 Middlesex 4.688 103 887 5.678 13 Monmouth 30.284 1,547 31.838 4 Moms 0 162 6,921 7.083 10 Ocean 49,196 9 1.595 50,800 2 Passa~c 0 493 3.688 4.181 IS Salem 21.248 343 928 22.519 5 Somerset 0 447 77 524 21 Sussex 0 886 6,405 7.291 9 Union 866 81 251 1.198 20 Warren 0 1.577 1,090 2.667 16 (Unmapped Area 90,000 90,000 within Delaware Bay) 

State Total 357.523 17,192 38.234 412.949 
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Marine Wetlands 1.722 a. 
Estuarine Wetlands 

.-\quatic Bed 4.861 a. 
Emergent 45.089 a. 
Flat 11.827 a. 
Other 874 a. 
Estuarine Subtotal 62.651 a. 

Riverine Tidal Wetlands 132 a. 
Lacustrine Wetlands 13 a. 
Palustrine Wetlands 

Open Water 815 a. 
Tidal Emergenu Shrub 332 a. 
Nontidal Emergent 1.383 a. 
Deciduous Scrub-Shrub 3.093 a. 
Evergreen Scrub-Shrub 4.158 a. 
Deciduous Forested 49.365 a. 
Evergreen Forested 23.528 a. 
Farmed 957 a. 
Palustnne Subtotal 83.631 a. 

Atlantic County Total 148.149 a. 

Deepwater habitat in Atlantic County amounted to 
I 5 .4 7 4 acres which were mostly estuarine waters. Marine 
waters were not included in this figure. 

BergeD County 

Bergen County was ranked 16th among counties in the 
extent of wetlands. Only about 7% of the county was 
covered by wetland ( I 0.084 acres). Most of this resource 
was palustrine wetland ( 6.319 acres). with deciduous 
forested wetland comprising 43% of the county's wetland 
acreage. Estuarine emergent wetland was also extensive. accounting for about 33% of the acreage. 

Estuarine Wetlands 
Emergent 
Other 
Estuarine Subtotal 

Riverine Tidal Wetlands 

Palustrine Wetlands 
Open Water 
Emergent 
Deciduous Scrub-Shrub 
Deciduous Forested 
Palustrine Subtotal 

Bergen County Total 

3.230 a. 
494 a. 

3.724 a. 

41 a. 

679 a. 
560 a. 
753 a. 

4.327 a. 
6.319 a. 

10,084 a. 

This county also possessed 7,749 acres of deepwater 
habitat. Most of this was estuarine water, with lacustrine 
water (e.g.. reservoirs) also importanL 

Burlington County 

With a total of 136.297 acres of wetland. Burlington 
County was the second leading county in wetland acreage. 
surpassed only by Atlantic County. Wetland represented · 26% of the county's land area. Sixty-seven percent of the 
wetland acreage was forested wetland. with 38% being 
deciduous and 29% evergreen. Only 5% of Burlington's 
wetland acreage was estuarine emergent wetland. 

Estuarine Wetlands 
Emergent 7.482 a. 
Flat 137 a. 
Estuarine Subtotal 7.619 a. 

Riverine Tidal Wetlands 846 a. 

Lacustrine Wetlands 756 a. 
Palustrine Wetlands 

Open Water l.i54 a. 
Tidal Emergent/ Shrub 1.774 a. 
Nontidal Emergent 3.887 a. 
Deciduous Scrub-Shrub 10.882 a. 
Evergreen Scrub-Shrub 12.422 a. 
Deciduous Forested 51.980 a. 
Evergreen Forested 39.645 a. 
Fanned 4.732 a. 
Palustrine Subtotal 127.076 a. 

Burlington County Total 136.297 a. 

Burlington County had 7.064 acres of deepwater habitat. 
with freshwater rivers predominating. 

Camden County * 
Camden County had 20.922 acres of wetland. which 

represented nearly 15% of the county. Nearly all of this 
acreage was palustrine wetland. while a few hundred acres 
of freshwater tidal flat were also inventoried. Forested wetland comprised 81% of Camden's wetland resource. 

Riverine Tidal Flats 

Lacustrine Wetlands 

Palustrine Wetlands 
Open Water 
Tidal Emergent/Shrub 
Nontidal Emergent 
Deciduous Scrub-Shrub 
Evergreen Scrub-Shrub 
Deciduous Forested 
Evergreen Forested 
Palustrine Subtotal 

Camden County Total 

417 a. 

41 a. 

737 a. 
399 a. 
445 a. 
970 a. 
872 a. 

10.353 a. 
6.688 a. 

20,464 a. 

20,922 a. 
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Most of Camden's 2.588 acres of deepwater habitat 
were freshwater rivers and streams. Only 343 acres of 
lakes and reservoirs were found. 

Cape May Coun;.y 

More than half of Cape May County was wetland and 
no other county had a higher proponion of this resource. 
Cape May's 89.581 acres of wetland made it fifth-rank~d 
among other counties in wetland acreage. Cape May was 
also founh-ranked in the extent of estuarine wetland. This 
wetland type made up 63% of the county's wetland 
acreage, while palustrine wetland. mostly deciduous 
forested wetland. comprised nearly all of the remainder. 
Estuarine emergent wetland alone accounted for 48% of 
the wetland resource. 

Marine Wetlands 3.611 a. 

Estuarine Wetlands 
Aquatic Bed .5.135 a. 
Emergent 42.854 a. 
Flat 7.862 a. 
Other 260 a. 
Estuarine Subtotal 56.111 a. 

Palustrine Wetlands 
Open Water 782 a. 
Tidal Emergent/Shrub 40 a. 
Nontidal Emergent 1.510 a. 
Deciduous Scrub-Shrub 1.817 a. 
Evergreen Scrub-Shrub 238 a. 
Deciduous Forested 21.785 a. 
Evergreen Forested 3.687 a. 
Palustrine Subtotal 29,859 a. 

Cape May County Total 89.581 a. 

Cape May County ranked third in deepwater habitat 
acreage. Due to the presence of a good ponion of 
Delaware Bay in the county, estuarine waters prevailed. 
comprising nearly all of this resource. 

Cumberland County 

Cumberland County ranked founh in wetland abun
dance. Its 98,950 wetland acres covered slightly less than 
a third of the county. Estuarine wetland predominated. 
representing nearly 60% of the wetland acreage. Almost 
half of the county"s wetlands was made up of estuarine 
emergent wetland. while 41% was palustrine wetland. 
with deciduous forested wetland most abundant. 

Estuarine Wetlands 
Emergent 
Flat 
Other 
Estuarine Sut.total 

48.764 a. 
9,823 a. 

69 a. 
58,656 a. 

Lacustrine Wetlands 

Palustrine Wetlands 
Open Water 
Tidal Emergent 
Nontidal Emergent 
Deciduous Scrub-Shrub 
Evergreen Scrub-Shrub 
Deciduous Forested 
Evergreen Forested 
Palustrine Subtotal 

Cumb~rland County Total 

55 a. 

854 a. 
44 a. 

541 a. 
1.665 a. 

441 a. 
29.994 a. 

6.700 a. 
40.239 a. 

98.950 a. 

Cumberland County had more deepwater habitat than 
any othercounty.lts 92.881 mapped acres were comprised 
largely of a ponion of Delaware Bay. Not included in this 
tigure are estuarine waters in the middle of the Bay where 
no maps were produced. A total of 3.129 acres of 
lacustrine water was also signiticant. 

Essex County 

Only about 8% of Essex County was comprised of 
wetland. Almost all of its 6.833 wetland acres were 
palustrine. Deciduous forested wetland accounted for 
77% of the wetland acreage. Only 31 acres of estuarine 
wetland were inventoried. 

Estuarine Wetlands 

Riverine Tidal Wetlands 

Palustrine Wetlands 
Open Water 
Emergent 
Deciduous Scrub-Shrub 
Deciduous Forested 
Palustrine Subtotal 

Essex County Total 

31 a. 

2 a. 

141 a. 
522 a. 
855 a. 

5.282 a. 
6.800 a. 

6.833 a. 

A total of 1.97 4 acres of deepwater habitat was found in 
Essex County. Most of this was estuarine water. 

Gloucester County -1' 

Gloucester County was eighth-ranked in wetland abun
dance. Its 36.844 wetland acres covered nearly 18% of 
the county. Ninety-three percent of this acreage was 
palustrine wetland. with the remainder being estuarine and 
riverine tidal wetland. Freshwater tidal emergent wetland 
( 4.033 acres) was more abundant than brackish emergent 
marsh ( 1.027 acres), but both types were overshadowed 
by the 21.383 acres of deciduous forested wetland that 
accounted for 58% of the county's wetland acreage. 
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~ Estuarine Wetlands 
Emergent 548 a. 
Flat 479 a. 
Estuarine Subtotal 1.027 a .. 

Riverine Tidal Wetlands 1,634 a. 
Lacustrine Wetlands 6 a. 
Palustrine Wetlands 

Open Water 1.156 a. 
Tidal Emergent/Shrub 2.399 .a. 
Nontidal Emergent 2.045 a. 
Deciduous Scrub-Shrub 2.058 a. 
Evergreen Scrub-Shrub 326 a. 
Deciduous F crested 21.383 a .. 
Evergreen Forested 4.743 a. 
Fanned 67 a. 
Palustrine Subtotal 34.177 a. 

Gloucester County Total 36.844 a. 

Deepwater habitat covered 5.826 acres of Gloucester 
County w1th nverine water prerominating. 

Hudson County 

Hudson County ranked next to last in wetland acreage. 
with only 3.897 acres. Thineen percent of the county was 
covered by wetland. Estuarine wetland made up nearly all 
I 94°1o) of the wetland acreage. Estuarine emergent wetland 
was more than twice as extensive as estuarine intenidal 
flat. 

Estuarine Wetlands 
Emergent 
Flat 
Estuarine Subtotal 

Palustrine Wetlands 
Open Water 
Emergen: 
Other 
Palustrine Subtotal 

Hudson County Total 

2.476 a. 
1.179 a. 
3.655 a. 

100 a. 
Ill a. 

31 a. 
242 a. 

3.897 a. 

Hudson County was seventh-ranked in deepwater 
habitat. Estuarine water made up all of the 9,170 deep
water habitat acres inventoried. 

Hunterdon County 

Only 2% of Hunterdon County was wetland. totaling 
5.450 acres. Nearly all of it was palustrine wetland with 
deciduous forested wetland alone representing 68% of the 
acreage. 

Riverine Wetlands 

Lacustrine Wetlands 

Palustrine Wetlands 
Open Water 
Emergent 
Deciduous Scrub-Shrub 
Deciduous Forested 
Palustrine Subtotal 

Hunterdon County Total 

9 a. 

214 a. 

690 a. 
401 a. 
429 a. 

3,707 a. 
5.227 a. 

5.450 a. 
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Hunterdon County had 4.629 acres of deepwater 
habitat. mostly comprised of lakes and reservoirs. 

Mercer County 

Wetland covered 11.819 acres or 8% of Mercer 
County. Nearly all was palustrine wetland. with about 
77% being deciduous forested wetland. The only tidal 
wetlands in Mercer County were freshwater tidal marshes 
and flats. 

Riverine Tidal Wetlands 

Lacustrine Wetlands 

Palustrine Wetlands 
Open Water 
Tidal Emergent/Shrub 
Nontidal Emergent 
Deciduous Scrub-Shrub 
Deciduous Forested 
Palustrine Subtotal 

Mercer County Total 

35 a. 

.66 ... 

427 a. 
422 a. 
4' o a. 

1.356 a. 
9.094 a. 

I 1.718 a. 

11.819 a. 

Only 1.492 acres of deepwater habitat were. found in 
Mercer County. This led to a 19th ranking among 
counties. 

Middlesex County 

Middlesex County was middle-ranked (II th) in wetland 
abundance. Its 24,022 wetland acres covered 12% of the 
county. About 73% of this acreage was palustrine wetland. 
with the rest being estuarine wetland. Deciduous foresteci 
wetland accounted for 58% of the county's wetland 
acreage. while estuarine emergent wetland comprised 
19%. 

Estuarine Wetlands 
Emergent 
Flat 
Other 
Estuarine Subtotal 

4.575 a. 
1,668 a. 

95 a. 
6,338 a. 

• 
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CHAPTER 4. 
Wetland Formation 

and Hydrology 

Introduction 

Historical events and present hydrologic conditions have combined to create and maintain a diversity of wetlands in New Jersey. Human activities have also exerted influence on wetland formation and hydrology. The following subsections address general differences between New Jersey· s inland and coastal wetlands in their formauon and hydrology. · 

Wetland Formation 

The area's glacial history was especially significant in wetland formation throughout the State. Recent events like rismg sea level and natural accretion and erosion along rivers and behind coastal barrier islands and beaches continue to build or modify wetlands. Construction of farm ponds. impoundments. and reservoirs may also create wetlands. 

Inland Wetland Formation 

Major factors creating wetlands vary throughout the State. but past glaciation has played an important role in most areas. Wolfe ( 1977) described in detail the relationship between geology and New Jersey's landscapes and much of the following discussion is based on his work. From 80.000 to 18.000 years ago. northern New Jersey was buried under glacial ice (Figure II). This great ice · sheet was nearly a mile thick. During this Ice Age. roughly one third of the world's land area was covered by ice compared to only I 0% of today' s surface. The presence of the glacier also affected the climate of southern New Jersey. making it tundra-like. 

Most ofnonhern New Jersey's wetlands were formed in glacial lakes and depressions during the post-glacial period. beginning about 18.000 years ago. Almost all of the State's natural lakes lie north of the glacier's southern edge (terminal moraine). Glacial lakes were created in three ways: ( I ) in rock basins scoured by glacial erosion (e. g .. Sand Pond). ( 2) in depressions formed by melting ice blocks left by the retreating glacier (e.g., Lake Grinnel and Franklin Lake), and ( 3) in basins produced by glacial drift obstructions of river valleys (e.g .. Swartswood Lake. Green Pond. Lake Hopatcong and Macopin Lake). Ice · blocked north flowing streams like the Wallkill River, Black River. and Pequest River. creating lakes in the 

valleys. Large glacial lakes were aiso associated with major watersheds. i.e .. the Passaic. the Hackensack and the Hudson. Lai~ Passaic was one of the largest of these now extinct glacial lakes. At its peak. it was about 30 miles long, 8 to 10 miles wide and 160 to 240 feet deep lWolfe 1977). When the glacier receded. Lake Passaic and numerous other glacial lakes drained and wetlands formed in these basins (Figure 12 ). Large wetland complexes like Great Swamp. Great Piece Meadows. Troy Meadows and Black Meadows now exist where Lake Passaic once did. 

Filling of shallow glacial lakes is still occurring. Niering ( 195 3) described this situation as hydrarch succession for Pine Bog in High Point State Park. The center of the Bog is an open water body called Lost Lake. The Lake is surrounded by a floating peat moss mat, where leatherleaf dominates and other typical northern bog species are also present. Closer to the land's edge. trees like red maple. black spruce. black gum and yellow birch are abundant. Eventually, the entire lake may become wetland. This natural succession is occurring elsewhere in the State. Dansereau and Segadas-Vianna ( 1952) have described the evolution of bogs in eastern North America. 

t~ • .-_:.,. L .. ~~.r 
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Figure 11. Extent of recent glaciation in New Jersey (modified from Wolfe 1977). Much ofnonhem New Jersey wu buried under glacial ice from 80,000 to 18,000 
years ago. 
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Figure 12. Marsh and bog successional patterns (adapted from Dansereau and Segadas-Vianna 1952). 
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Beaver activity and human actions may also create 
wetlands by altering hydrologic regimes to flood former 
upland areas. In these situations. wetland plants quickly 
invade to take advantage -of the wetter conditions. Beaver 
activity is now of minor importance. although prior to 
heavy trapping. beaver played a more prominent role in 
wetland formation. Today. beaver populations are in
creasmg due to wildlife management practices and they 
are most common in Sussex County (Ferrigno 1984). 
Farm pond. anificiallake. and reservoir construction may 
also create wetlands. yet in many instances narural 
\"egetated wetlands are altered by permanent flooding. 
Farm ponds may be completely overgrown with vegetation 
including emergent. submergent. floating-leaved. and 
tloating plants. Along the shorelines of larger water 
bodies. emergent wetlands and aquatic beds may become 
established in shallow water. N iering 1 19 53) noted that 
sedimentation of anificial impoundments is favoring 
-:olonizatJOn by emergent wetland plants. In time. these 
.1reas could become shrub wetlands and eventually forested 
wetlands. Recently. wetlands have also been created in 
-:onjunction with government-tinanced projects. such as 
highway construction. pon expansion. and flood control 
impoundments. to mitigate for unavoidable losses of 
natural wetlands. The U.S. Army Corps of Engineers has 
successfully established wetlands. particularly in tidal 
areas at several locations across the country. Restoration 
of prenously drained wetlands has also been successfully 
accomplished by the Service and others in the Prairie 
Pothole Region of North and South Dakota. Similar 
opponunities exist in New Jersey where wetlands have 
been drained for crop production. 

In southern New Jersey. glacial events created a climate 
where temperatures were below freezing for much of the 
year irom 80.000 to I 8.000 years ago. Permafrost 
de,·eloped under these conditions which now exist in 
Alaska. Canada. and Siberia. A boreal forest of spruce. 
pme and tir covered the southern New Jersey landscape 
during the Ice Age (Sirkin. et ai. I 970). Thermokarst 
basins formed due to alternate freezing and thawing. 
Where underlain by impervious clays. these basins became 
ponds or vegetated wetlands as the climate warmed with 
the retreat of the glacier. Today. wetlands are prevalent 
along streams and in isolated depressions largely due to 
the high watertable characteristic of the Pine Barrens. For 
funher information on the vegetational history of the Pine 
Barrens. please refer to Heusser ( 1979). 

Wetlands have also formed on floodplains along rivers 
and large streams throughout the State. In mature flood
plains. wetlands are found on the inner floodplain terrace 
behind the natural levees. The levees are composed of 
coarser materials and are better drained than the inner 
floodplain which is characterized by silts and clays and 
poor drainage. Early stages in floodplain development are 
characterized by extensive marshes bordering streams 
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which gradually become shrub and forested wetlands as 
sedimentation raises surt·ace elevations (Nichols 1915 ). 
Wistendahl ( 195~) reponed on the hydrology and vegeta-. 
tion of the Raritan River t1oodplain which represents a 
relatively mature stage. 

Coastal Wetland Formation 

At maximum glaciation nearly 18.000 years ago. much 
of the world's ocean waters were stored as glacial ice. This 
lowered sea levels approximately 425 feet from their 
present levels. The New Jersey coastline was then 80 
miles east of its present position and the coastal plain was 
more than twice its current size (Wolfe 1977). When the 
glacier began to melt. water was released to the ocean. 
thereby raising sea levels. Sea level continues to rise at 
about one foot per century at Atlantic City and at 1.5 feet 
per century at Sandy Hook (Hicks 1972). With this 
increase in sea level. barrier islands have moved landward 
and· stream valleys have been submerged. Evidence of 
submergence can be found in salt marshes where dead 
Atlantic white cedar trees and stumps may be present. 
Jaworski ( 1980) found that salt marsh vegetation has 
covered the remains of freshwater plants. providing further 
evidence of coastal submergence and the landward migra
tion of salt marshes. 

Heusser( 1949) investigated the history of the Secaucus 
Bog. which is part of the Hackensack Meadowlands. In 
the 1800's. it was an Atlantic white cedar-dominated 
wetland and black spruce and larch reached their southern
most limit here. By 1935. the last of the cedars died. 
Today. the former bog is flooded by saline tidal waters and 
occupied by common reed and narrow-leaved cattail. 
Rising sea level and dredging of the Hackensack River 
have increased salt water tidal influence in this area. 

Coastal marshes typically develop behind barrier islands 
or beaches and along tidal rivers (Figure I 3 ). Sediments 
are transported by rivers flowing to the sea as well as by 
ocean currents.. When the river meets the sea. sediments 
begin to settle out of solution forming deltas and bars at the 
river· s mouth and intertidal flats. Sedimentation also takes 
place when tidal currents slow as during slack water . 
periods. The rate and extent of sedimentation depends on 
the original size and age of the estuary. present erosion 
rate upstream and deposition by the river and marine tides 
and currents (Reid 1961 ). Redfield ( 1972) has described 
salt marsh development. Initially. mud and silt are de
posited to fonn tidal flats in shallow areas. As elevations 
exceed mean sea level. smooth cordgrass becomes estab
lished. The presence of this vegetation funher slows the 
velocity of flooding waters. causing more sedimentation. 
Sediments continue to build up to a level where erosion 
and deposition are in relative equilibrium. The high salt 
marsh is fanned in this way. In many areas along the 
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F'!plft 13. Coastal marshes naturally develop behind barrier islands and along tidal rivers. 

:\tlantic coast. salt marshes are gradually advancing into 
low-lying uplands or into nontidal wetlands. This latter 
siwation has been described by Heusser ( 1949) and 
Potzger ( 1952). This landward migration is largely at
tributed to the global rise in sea level. 

Wetland Hydrology 

The presence of water from flooding. surface water 
runoff. ground-water discharge. or tides is the driving 
force creating and maintaining wetlands. These hydre>
logic mechanisms determine the nature of the soils and the 
types of plants and animals living in wetlands. An accurate 
assessment of hydrology unfortunately requires extensive 

knowledge of the frequency and duration of flooding. 
water table fluctuations and ground-water relationships. 
This information can only be gained through intensive and 
long term studies. There are. however. ways to generally 
recognize differences in hydrology or water regime. At 
certain times of the year. like during spring floods or high. 
tides in coastal areas. hydrology is apparent. Yet. for most 
of the year. such obvious evidence is lacking in many 
wetlands. At these times. less conspicuous signs of 
flooding may be observed: (I) water marks on vegetation. 
( 2) water transported debris on plants or collected around 
their bases. and ( 3) water-stained leaves on the ground. 
These signs and knowledge of the water table and wetland 
vegetation help us recognize hydrologic differences be
tween wetlands. The Service's wetland classification 
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Table 8. Tidal ranges of mean and spring tides at selected locations m New Jersey (U.S. Department oi Commerce 1978). 

Loc:atioo 
\1ean Tide Raoge (fL) Spring Tide Raoge (fL) Mean Tide Level (fL) 

~ackensack River at Kearny Point 
Raritan River at South Amboy 

at New Brunswick 
Shrewsbury River at Sea· Bright 
Barnegat Bay at Mantoloking 

at Barnegat Inlet 
Little Egg Harbor at Beach Haven 
Great Bay at Graveling Point 
Great Egg Harbor River at Mays Landing 
\1aurice River at Millville 
Delaware Bay at Miah Mauil Shoal Light 
')elaware River at Oldsman Point 

at Trenton 

;vstem 1 C owardin. et a/. i 9791 mcludes water regtme 
modifiers to desctbe hydrologic ~:haractensucs. Two 
groups or water regimes are tdentitied: 1 I 1 udal and ( 2 l 
~onudal. Tidal water regimes are driven by oceamc udes. 
v.·htle nonttdal regimes art! largely mtluenced bv surface 
water runotf and ground-water aischarge. The state or' our 
knowledge in wetland hvdroiogy has been reported by 
Caner and others 1 !9791 and Lettch tl981l. 

Tidal Wetland Hydrology 

5.0 
s.o 
5.8 
1.7 
0.5 
3.1 
:.2 
3.~ 

~.0 

6.0 
5.5· 
5.6 
h.8 

In coastal areas. ocean-driven udes are the aorriinant 
hvdrologic feature of wetlands. Along the Atlantic coast. 
tides are St!mtaturnal ana symmetncai wnh a penod ol12 
'"tours ano 25 mtnutes. In other woras. there are rougnly 
two htg.h ttdes and two low tides each dav. Since the tides 
are largely controlled by the posmon or' the moon relauve 
~o the sun. the highest and lowest tides (i.e .... >pnng udes" l 
usuallv occur during full and new moons. In New Jersey. 
udal ratoges vary from 0.5 teet (0.15m) in Barnegat Bay to 
-.I feet 1 2. I 7m 1 in the Delaware River at Trenton (Table 
S 1. Coastal storms can also cause extreme high a:1d low 

IKKI <;li.·\RU I L<J!Il>l ll 
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:.1 
J.6 
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tides. Strong wmds over a prolon~t:d period havt: a great 
1mpact on tne normal tidal range :n large coastal bays. For 
example. strong wmds m Barnegat Bav may rats!! or 1ower 
normal high and low tides h\' as 'Tluch as : teet :U.S. 
Deoartment or Commerce : I.Jo4l. 

!n -:oastal wetlanas. <Jt!Terences in hvarology 1 tidal 
tlooriing.l create two zont!'i that can be readilv tdentitied: 
( I ) regularly tlooded zone and 1 2ltrregularly rlooded zone 
:Figure ! 41. The regutarJ\' !looded zont! :s Jtternatety 
tlooried ami exoosed at least once dailv by :ne rtdes. It 
mctudes noth the ··low marsh" ana the more seaward 
mterttdal muu ana sand tlats. :\hove the regutarlv rlooded 
zone. the marsh is iess rrequemlv tlooded bv the rtJcs. fhis 
irregutariv flooded zone. ur .. ~tgn marsn" .. i exoosea tu 
:he atr tor long periods and llooded oniv tor bner oenods or 
•:ariahle leng:rn. The high marsh is usuatlv !looaea aurmg 
~pring udes. The uoper margins or· the htgh marsn may be 
tlooded. however. onlv during storm tides wntcn are more 
frequent in winter. Estuarine plants nave auapteo to these 
JitTerences tn hydrology and certau: ;Jiants are good 
indicators of different water regimes (Table ':1 1. 
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1<1 < ,; l II< I \ I UJlll>l II 
/(J'I 

I LUll \1~KSH ''" 
. fill \lILA I ' 

' i t q,: \I \ '· I l i \ I I~ I \I I 'I' k I\ 1 , 
1!!1 ;i '![IJ" 

:1\ll. ,11\\ !1!• 1 

~ , b I ~ ~ ; · .. /I,,, 
I '1 1. \/{I' I 

'II':.\\\\ i I 1-: I 

Figure J4. Hydrology of coastal marsh. showing different zones oi flooding. The regularly flooded zone is flooded at least once daily hy the 
tides. while the 1rregularly flooded zone is t1ooded less often. 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

34 

Table 9. Examples of plant indicators of the predominant tidal 
water regimes tor New Jersey's estuanne wetlands. These 
planiS are generally good Indicators of tidal flooding 
regimes. 

Water kegimt 

Regular!' Ftoodea 

Irregularly Floodec 

Indicator Plants 

Smooth C oragras~ itall form) 
Watc" Smanwee:i 
Spatterdock 
Water Hemp 
Pickerelweed 

Salt Hay Grass 
Spi.ke Gr;w, 
Smooth Cordgrass,t short form) 
Black Grass 
S14·itchgra~> 

Bi~ r ordP.rass 
Oine' Three-squar~ 
Bur Mangold 

Some srnctly freshwater wetlands are also subject to 
tidal tloudmg. They he above the estuary where vinually 
no ocean-derived salts ( 1.e.. less than 0.5 pans per 
thousand 1 are found. Here river !low and tidal flooding 
interact to create a rather complicated hydrology. Areas 
flooded and exposed at least once daily by the tides are 
.;onsiderca regularly flooded like they are downstream in 
the estuary. yet wetlands that are not subject io daily tidal 
tloodmg are generally classified as seasonally flooded
tidal ana temporarily tlooded-tidal. They represent the 
more common water regimes m these situations. with the 
frequency and duration of floodmg being the main hydro
logic d1tterences between them. Seasonally flooded-tidal 

SU{FACF WATER DEPRESSION WETLAND 

table may tt!m nurarily 
rise to wetland Je~d. but ~round
water inflow is mittdr ':ompared 
to surface-water inrlow. 

wetlands are often flooded by tides and flooded waters 
may be present for long periods. especially during spring 
runoff. Temporarily flooded-tidal areas are flooded 
infrequently and when flooded. water does not usually 
persist for more than a few days. These wetlands. especially 
forested wetlands. are quite similar in appearance to their 
nontidal counterpans. yet water levels are subject to tidal 
tluctuauons. 

Nontidal Wetland Hydrology 

Beyond the influence of the tides. two hydrologic forces 
regulate water levels or soil saturation in wetlands: ( I l 
sur1ace water runoff and (2) ground-water discharge. In 
cenain cases. wind driven waves (i.e .. seiches 1 across 
large freshwater lakes (e.g .. Great Lakes 1 cause tlooding 
of shoreline wetlands. Surface water runoff from the land 
either collects in depressional wetlands or ovenlows from 
rivers and lakes after snowmelt or ramfall periods i Figure 
15 ). Ground water discharges into depressional wetlands 
when directly connected to the water table or mto sloping 
wetlands in "seepage" areas (Figure l6l. An individual 
wetland may exist due to surface water runotf or ground
water discharge or both. The Great Swamp in northern 
1\iew Jersey IS a good example of the latter ( Vecchioli, er 
a/. 1962: Miller 1965 ). Streamflow and associated wet
lands in the Pine Barrens are largely maintained by 
ground-water discharge from the underlying aquifer 
( Rhodehamel 1979). The role of hydrology in maintaming 
freshwater wetlands is d1scussed by Gosse link and Turner 
( 1978). 

freshwater rivers and streams usually experience 
greatest !loading in winter and early spnng. with maxi
mum tloodmg occumng in March. Such !loading is 

SURFACE WATER SLOPE \VETLAND 

-,.. 

Lake or River 
Floodwater 

L Wa: ~able -:ay temporarily 
rise to wetland level. but ground
water inflow is minor compared 
to surface-water inflow. 

Figure 15 Hydrology of surfact 14ilter wetlamts (redrawn from Novitski 1982). 
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Figure 16. Hydrology or ground-water wetlands !redrawn !rom Novitski 1982). 

associated with frozen soil. snow melt. and: or spring rains. 
In the Raritan River. for example. flooding reaches its 
maximum in March near the start of the growing season 
1 Wistendahl 1958). Flooding in this river is variable and 
unpredictable. with as many as 16 floods occurring in a 
smgle year. Normally. however. tlooding is less frequent. 
In the Nonh Branch of the Raritan River. Buchholz 
1 1981 l found that flooding results from overflow of 
backwater streams rather than from overflow of the 
mainstem river. Backwater stream levees are lower in 
elevation and are easily breached by rising waters. Minor 
drainage within the floodplain may. therefore. significant
ly atfect tlooding and drainage patterns. In the Rantan 
Ri,·er watershed. average monthly precipitation is greatest 
m summer. but despite this. floods reach their yearly low in 
June and August. At this time. less water is available for 

. .. . ,, ~:': 
'.•·.·· 

· .: . ·1,: ... ,, n~· . 
,. 

runoff due to high evapotranspiration and to interception 
of rainfall by plant leaves. In the fall. the hurricane season 
normally brings heavy rains which increase flood heights 
and duration ( Wistendahl 1958). 

Water table fluctuations follow a similar pattern 1 Figure 
I i). From winterto mid-spring or early summer. the water 
table is at or near the surface in most wetlands. During this 
time. water may pond or flood the wetland surface for 
variable periods. In May or June. the water table may 
begin to drop. reaching its low point in September or 
October. Most of the fluctuation relates to rainfall patterns. 
yet longer days. increasing air temperatures. increasing 
evapotranspiration and other factors are responsible for 
the consistent lowering of the water table from spring 
through summer. 

.(' .• :lh•ll 

~' I \ t I . -........... . ·. ... ~··········...................................... . ............. . 
· ........ . ·. 
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Figure 17. Example of water table fluctuations in a seasonally flooded wetland (adapted from Lyford 1964 ). In general. the water table is at 
or near the surface through the winter and spring. drops markedly in summer. and begins to rise in the fall. As shown. the water 
table fluctuates seasonally and annually. 
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Standing water may be present in depressional. stream
side or lakefront wetlands for variable periods during the 
growmg season. When flooding or ponding is brief (usually 
2 weeks or less). the wetland is considered temporarily 
flooded. During the summer. the water table may drop to 3 
feet or more below the surface in these wetlands. This 
situation is prevalent along floodplains. It also occurs m 
the Pine Barrens where wetlands are directly connected tc 
the underlying ground-water aquifer ( Rhodehamell979). 
Flooding for longer periods is described by three commor . 
water regunes: 1 1 ) seasonally flooded. ( 2) semi permanently 
flooded. and 1 3 l perman,ently flooded. A seasonally 
flooded wetland typically has standtng water visible for 
more than 1 month. but usually by late summer. such 
water is absent. At this ume. however. the water tabie 
remains within 1.5 feet of the surface. By contrast. a 
semi permanently flooded wetland remains flooded through
out the growmg season m most years. Only during dry 
spells does the surface or these wetlands become exposed 
to a1r. Even then. the water table lies at or very near.the 
surface. The wettest wetlands are permanently flooded. 
yet they also may be exposed during extreme droughts. 
These areas include open water bodies where depth is less 
than 6.6 feet. e.g .. ponds and shallow poruons of lakes. 
rivers and streams .. 

Other wetlands are rarely flooded and are almost 
entirely influenced by ground-water discharge or surface 
water runoff. Some of these wetlands occur on considerable 
slopes in association with springs 1 i.e .. points of active 
ground-water discharge). where they are commonly called 
.. seeps··. Their soils are saturated to the surface for most of 
the growmg season and the water regime is. therefore. 
classified as saturated. Other saturated wetlands exist in 
Isolated depressions. In these situations. soil saturation 
may come !rom both surface water runotl and ground
water discharge. 

Common indicator plants of nontidal water regimes are 
pres~nted in Table 10. Hydrologic conditions. e.g .• water 
table fluctuation. flooding, and soil saturation. for each of 
New Jersey's hydric soils are generally discussed in the 
following chapter. For more detailed information on 
wetland hydrology, the reader is referred to the following 
sources. 

Table 10. Examples of plant Indicators oi nonudal water regime! 
for New Jersey·s oalustnne wetlands. 

Water Regime 

Permanently Flooded 

Serrupennanently Flooded 

Seasonally Floodeci 

TemJY.)rarily Flooded 

Saturated 

lndic:ator Plant! 

White Water Lilv 
Pond weed, 
Water Slueld 
Spatterdock 

Buttonbush 
Wild Rice 
Burreeds 
Pickerelweed 

Atlantic White Cedar 
Alders 
Highbush Blueberry 
Broad-leaved Cattail 
Tussock Sedge 

Silver Maple 
Pin Oak 
Svcamore 
Goldenrods 

Steeplebush 
Black Spruce 
Leatherleaf 
Sheep Laurel 
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CHAPTER 6. 
Vegetation and Plant Communities 

of New Jersey's Wetlands 

Introduction 

The vast majority of New Jersey·s wetlands are characterized by dense growths of plants adapted to existing hydrologic. water chemistry and soil conditions. although some wetlands have little or no apparent vegetation. Most wetland definitions have relied heavily on dominant vegetation for identification and classification purposes. The presence of .. hydrophytes·· or wetland plants is one of the three key attributes of the Service's wetland definition 1 Cowardin. er a/. 1979). Vegetation 1S the most con:;p,cuous feature of wetlands and one that can be readily identJtied in the tield. Other wetland characteristics. i.e .. hydric soil and hydrology. are not as easily recognized and often require considerable scientific expertise or long tenn study for accurate identification. In this chapter. after discussing the concept of .. hydrophyte ... attention will focus on the major plant communities of New Jersey's wetlands. In addition. rare and endangered wetland plants will be brietly covered in the last section. 

Hydrophyte Definition and Concept 

Wetland plants are technically referred to as "hydroph~1es. ·· The Service detines a .. hydrophyte .. as .. any plant growing in water or on a substrate that is at least penodically deficient m oxygen as a result of excessive water content .. !Cowardin. eta/. 1979). Thus. hydrophytes are not restricted to true aquatic plants growing in water. but also include plants morphologically and/or physiologically adapted to periodic tlooding or saturated soil .:onditions of marshes. swamps. bogs and bottomland forests. Teskey and Hinckley ( 1977) have reviewed physiological responses and tolerance mechanisms of woody vegetation to tlooding. 

The Service has prepared a comprehensive preliminary list of the Nat ion· s hydrophytes to help clarify its wetland definition and facilitate wetland identification. This national wetland plant list has been divided into regional lists. including one for the Northeast I U.S. Fish and Wildlife Service 1982). Currently the preliminary Northeast list is undergoing technical review by the scientific community. The Service recognizes four types of hydrophytes: ( I ) obligate. 12) facultative wet. (3) facultative. and (4) facultative upland. Obligate hydrophytes are those plants which nearly always occur in wetlands (at least 99% of the time). They are the best v~getative indicators of wetland. 

The facultative types can be found in both wetlands and uplands to varying degrees. Facultative wet plants are usually associated with wetlands I from 66% to 99% of the time 1 and are generally good indicators of wetland. while purely facultative hydrophytes show no atlinity to wetlands or uplands and are found in wetlands with a frequency of occurrence between 33-66°/o. By contrast. facultative upland plants are more typical of uplands. but do. on occasion f less than 3 3 °'o of the time 1. occur in wetlands. When present in wetlands. they are usually in drier wetlands or at higher elevations in wetter areas. In addition to these four types. the Service's list of hydrophytes also identifies drawdown plants which invade nonnally unvegetated wetlands (e.g .. exposed shores) during extreme dry periods. These plants are often pioneer species with upland atlinities. Examples of different types ofhydrophytes for New Jersey are presented in Table 14. 

New Jersey Hydrophytes 

Since the Service's wetland plant list is not final. an interim list of New Jersey's wetland plants was compiled for this report. In preparing this list. field notes from wetlands inventory tield surveys and the findings of more than 30 scientific publications on New Jersey's wetland vegetation were reviewed. Over 1.000 vascular plants were recorded: 50+ trees. I 00+ shrubs. 20+ vines. 750+ emergents and 80+ aquatics I Appendix). Since this list is based on actual observations. it does not contain all of the plants that potentially exist in New Jersey· s wetlands. yet it probably includes all of the common plants and the majority of minor species. such as cosmopolitan weeds that occur in both wetlands and uplands. and numerous rare plants. Scientific names of vascular plants referred to in this report confonn with the National List of Scientific Plant Names ( U.S.D.A. Soil Conservation Service 1982). 

Factors Influencing Wetland Vegetation 

Many factors influence wetland vegetation and community- structure. including climate. hydrology, water chemistry. and human activities. Penfound ( !952) identified the most important physical factors as: ( I ) water depth. ( 2) fluctuation of water levels. ( 3) soil moisture. and ( 4) salinity. Other important physical factors included soil type, aeration. nutrients. acidity, temperature. and light. Penfound also recognized the role of biotic factors, 
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Table 14. Examples of wetland plants types occurring in New Jersey. Obligate plants are nearlv alwavs found in wetlands (at least 99% of the timet; Facultative Wet plants are usually associated with wetlands t 66-99% of the tim~ t: Facultative plants have no affinity to wetlands or uplands and are found in wetlands between 33-66% of the time; Facultative Upland plants are occasionally present in wetlands (less than 33% of the timet. 

Hydropbyte Type 

Obligate 

Facultauve Wet 

Facultative 

Facultative l..'pland 

Plant Common Name 

Royal Fern 
Pondweeds 
Smooth Cordgrass 
Soft Rush 
Cattails 
Boneset 
Swamp Azalea 
Big Cranberry 
Bunonbush 
Atlanuc White Cedar 
Cinnamon Fern 
Salt Hay Grass 
Common Reed 
Grass-leaved Goldenrod 
Lowland Broomsedge 
Steeplebush 
Dwarf Huckleberry 
Highbush Blueberry 
Sweet Pepperbush 
Silver Maple 
Pin Oak 
Foxtail Grass 
Wrinkled Goldenrod 
Purple Joe-Pye-weed 
Sheep Laurel 
Southern Arrowwood 
Red Maple 
Black Gum 
Bracken Fern 
May Apple 
Snowberry 
Black Huckleberry 
Beech 
American Holly 
White Ash 
White Oak 

i.e .. plant competition. animal actions (e.g .. grazing and 
beaver dam construction). and human activities. Many 
construction projects alter the hydrology of wetlands 
through channelization and drainage or by changing 
surface water runotT patterns. These activities often have a 
profound effect on plant composition. This is panicularly 
evident in coastal marshes where mosquito ditching has 
increased the abundance of high-tide bush (lvafrurescens ). 
especially on spoil mounds adjacent to ditches (Bourn and 
Cottam I 950). Sipple ( 1971) observed that salt marsh 
vegetation now occurs funher upstream in the Hackensack 
River and attributed increased saltwater penetration to 
Ordell Reservoir's reduction of freshwater inflow into the 
estuary. Repeated timber cutting and severe fires have had 
a profound effect on wetland communities in the Pine 
Barrens (Little 1950. 1979: McCormick 1979). A recent 
study of the effects of regional land-use changes on Pine 

Scientific Name 

Osmunda rega/is 
Poramogeron spp. 
Spanina alrerniflora 
Juncus ejfusus 
Typha spp. 
Eupatorium peifoliarum 
Rhododendron viscosum 
Vaccinium macrocarpon 
Cephalanrhus occ1dentalis 
Chamaecyparis rh.voides 
Osmunda cinnamomea 
Spanina parens 
Phragmire:r australis 
Eurhamia graminifolia 
Andropogon virginicus var. abbrel·iarus 
Spiraea romenrosa 
Gay/ussacia dumosa 
Vaccinium corvmbosum 
C/erhra a/ni/olia 
Acer :raccharinum 
Quen:vs pa/usrris 
Setaria geniculata 
Solidago rugosa 
Euparoriade/phus purpureum 
Kalmia angustifolia 
Viburnum denrarum 
Acerrubrum 
N.vssa s.1•ivarica 
Pteridium aquilinum 
Podoph.v//um pelrarum 
S.vmphoricarpos a/bus 
Ga.vlussacia baccara 
Fagus grandifo/ia 
flex opaca 
Fraxinus americana 
Quen:vs alba 

Barrens swamps found that urbanization has added nutri
ents to both surface and ground waters. resulting in 
floristic changes (Ehrenfeld 1983). Plants adapted to 
nutrient poor. acid conditions were replaced by non-Pine 
Barrens plants. 

While New Jersey is relatively small in size. its location 
along the East Coast gives rise to high plant and landscape 
diversity. Five physiographic regions can be identified: 
( I ) Ridge and Valley. ( 2) Highlands. ( 3) Piedmont. ( 4) 
Inner Coastal Plain. and ( 5) Outer Coastal Plain (Figure 
I). Physical and biotic factors have interacted within each 
physiographic region to create a wealth of plant com
munities in New Jersey. Robichaud and Buell( 1973) have 
reponed on the predominant influences on the State's 
vegetation and on the variety of vegetation types, including 
wetlands. 
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Wetland Plant Communities 

Wetlands occur in New Jersey in all five ecological systems inventoried by the Service's National Wetlands Inventory: Marine. Estuarine, Riverine. La.::ustrine and Palustrine. In coastal areas. the estuarine marshes. which include salt and brackish tidal marshes and flats. are most abundant. with marine wetlands generally limited to intenidal beaches along the shoreline and bars at the mouths of tidal inlets. Overall. however; palustrine wetlands predominate. representing about two-thirds of the State's wetlands. They include the overwhelming majority of freshwater marshes. swamps. bogs and ponds. Riverine and lacustrine wetlands are largely restricted to aquatic . beds and nonpersistent emergent wetlands along the shores of rivers and lakes. The following sections discuss major wetland types in each ecological· system as defined by Cowardin and others ( 1979). Descriptions are based on field observations and a review of scientific literature. 

Marine Wetlands 

The Marine System includes the open ocean overlying the continental shelf and the associated coastline. Deepwater habitats predominate in this system, with wetlands generally limited to sandy intenidal beaches and bars at the mouths of coastal inlets. Largely due to heavy wave action. vegetation is sparse and scattered along the upper zones of beaches. Beach plants are so few that Martin ( 1959) did not consider the beach as a significant vegetation zone m his classic study of the vegetation of Island Beach State Park. Vascular plants like sea rocket (Caki/e edenruia) and saltwon (Saisoia kali) may be common. Other beach plants include seaside spurge (Euphorbia polygonifolia ). sandbur 1 Cenchrus tribu/oides ). beach grass (Ammophila breviligulata l. beach orach (A triplex arena ria). cocklebur (Xantlzium strumarium ), sea purslane (Sesuvium maritimum). and beach bean (Stroplzostyles he/vola) (Harshberger 1900: Silberhom 1982). 

Estuarine Wetlands 1/ 
The Estuarine System consists of tidal brackish waters and contiguous wetlands where ocean water is at least occasionally diluted by freshwater runoff from the land. It generally begins behind barrier islands and at the mouth of coastal rivers and extends upstream in rivers to fresh water where no measureable amounts of ocean-derived salts (less than 0.5 parts per thousand) can be detected. Estuarine wetlands are most extensive behind barrier islands and along Delaware Bay. 

From a salinity standpoint, New Jersey estuaries can be divided into three distinct reaches: ( l) polyhaline -strongly saline areas ( 18-30 parts per thousand), (2) 

mesohaline - moderate salinity areas ( 5-18 ppt), and ( 3) oligohaline - slightly brackish areas (0.5-5 ppt). Large coastal rivers. such as the Mullica. become increasingly fresher upstream from the river's mouth as salt water is diluted by the river's freshwater discharge. Since river discharge varies during the year. the salinity of coastal rivers varies accordingly. A variety of wetlands develop in estuaries largely because of differences in salinity and duration and frequency of flooding. Major wetland types include: ( l) imenidal flats. ( 2) aquatic beds. ( 3) emergent wetlands and ( 4) scrub-shrub wetlands. 

Estuarine Intertidal Flats ~ 

Intertidal flats of mud and/or sand are extremely common in estuaries. particularly between salt marshes and open coastal bays. They are typically flooded by tides and exposed to air twice daily, although some flats are only intermittently exposed by spring and storm tides. Tidal flats are generally devoid of macrophytes. although smooth coi"dgrass (Spartina altemiflora) may occur in isolated clumps at higher levels. Microscopic plants. especially diatoms. euglenoids. dinoflagellates and blue-green algae. are often extremely abundant. yet inconspicuous (Whitlatch 1982). Intenidal flats covered by macroalgae or vascular plants are classified as vegetated flats ( Cowardin. er ai. 1977). Plants of vegetated flats are similar to estuarine aquatic beds. with the alga sea lettuce. I Ulva lactuca) being panicularly common. 

Estuan·ne Aquan·c Beds 

Macroalgae and vascular plants form extensive aquatic beds in shallow waters and irregularly exposed flats of estuaries. Aquatic beds are most abundant in the more saline parts of New Jersey's estuaries behind barrier islands where large bays exist. In these areas. common plants include three algae and two vascular plants: sea lettuce, spaghetti grass (Codium fragile). red algae ( Graciiaria spp.), eelgrass (Zostera marina) and widgeon grass (Ruppia maritima), respectively (Good. et ai. 1978: Sugihara. era/. !979f Taylor ( 1970) reponed 147 types of macroalgae from New Jersey estuaries. 

The distribution of submerged aquatic vegetation in New Jersey has been mapped and described by Macomber and Allen ( 1979). In general. sea lettuce dominates estuarine areas from Cape May nonh to Great Bay and nonh of the Metedeconk River. Between these areas. little algae has been observed. Sea lettuce is also quite dense in shallow rivers and sounds nonh of Barnegat Bay. By contrast. the large bays from Great Bay (e.g., Little Egg Harbor and Barnegat Bay) to the Metedeconk River are largely dominated by vascular plants. especially eelgrass 
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and widgeon grass. Sago pondweed (Potamogeron pec
tinatus J and homed pondweed (Zannichellia paiustris) 
replace eelgrass in bay areas of decreasing salinity. 

In lower salinity (mesohaline and oligohaline) portions 
of coastal rivers such as the Mullica. aquatic beds are 
formed by other plants. including pondweeds (Potamogeton 
perfoliatus. P. pus iii us andP. epihydrus 1. eastern lilaeop
sis !Lilaeopsis chinensis). wild celery ( Val/isneria 
americana 1. naiad (Najasjlexilis) and submergent forms 
of Parker·s pipewort (Eriocauion parkeri) and hooded 
arrowhead(Sagittaria calycina )(Arsenault 1981: Ferren. 
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e: ai. 1981 ). Wild celery. naiad. pipewort and ribbonleaf A 

pondweed (P. epihydrus 1 may be oligohaline species. 
while the other two pondweeds and eastern lilaeopsis may 
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be indrcative of mesohaline waters. Homed pondweed and 
widgeon grass may also be found in these lower salinity 
waters. but are more abundant at higher salinities 
f Arsenault 1981 ). 

Estuarine Emergent Wetlands 

Differences in salinity and tidal flooding within estuaries 
have a profound effect on the emergent vegetation. which 
1s visually apparent. Plant composition markedly changes 
from the more saline portions to the slightly brackish 
areas. Even within areas of similar salinity. vegetation 
differs largely due to frequency and duration of tidal 
tlooding and locally to freshwater runotT. Examples of 
estuanne wetland plant communities are listed in Table 
I S. Estuarine emergent wetlands. as defined by Cowardin 
and others ( 1979). can be further subdivided for discussion 
purposes into (I) salt marshes. (2) brackish marshes. and 
f 31 oiigohaline marshes. 

Salt marshes 

The more saline (polyhaline) reaches of estuaries are 
dominated by salt marshes. These estuarine wetlands are 
most widespread along the coast from the Atlantic High
lands and Sandy Hook to Cape May and Delaware Bay. A 
distinct zonal pattern exists due to tidal flooding, with two 
general zones identified: ( I ) low marsh and ( 2) high marsh 
(Figure 21 ). 

The low marsh is flooded at least once daily by the tides. 
A tall form of smooth cordgrass dominates this zone from 
approximately mean sea level to the mean high water 
mark. A recent study in Connecticut found that the tall 
form of smooth cord grass was an accurate indicator of the 
landward extent of mean high tide (Kennard, et aL 1983 ). 

8 TINER 
Figure 21. Example of New Jersey salt marsh communaties: I allow 

marsh of smooth cordgrass (tall form 1 along creek and 
high marsh above and 1 b) high marsh panne 1 depression) 
dominated by glassworts. · 

Above this level is the high marsh which is flooded less 
often and is exposed for much greater periods. The high 
marsh may be divided into subzones based on flooding and 
vegetation differences (Figure 22). These zones often 
form a complex mosaic rather than a distinct zonal pattern 
(Good 1965). Plant diversity increases with several 
species being abundant. including a short form of smooth 
cordgrass. salt hay grass (Spa nina patens). spike grass 
(Distich/is spicara ), black grass (J uncus gerardii ). switch
grass (Panicum virgarum ), high-tide bush(/ vafrutescens ), 
and common reed (Phragmites australis). Other common 
marsh plants are sea lavender (Limonium caro/inianum 
and L. nashii). glassworts (Sa/icornia bigelovii, S. 
europaea andS. virginica ), marsh orach (A triplex patula ), 
salt marsh asters (Aster subulatus and A. renuifolius ). 
marsh pinks (Sabatia dodecandra and S. stellaris). sea 
blites (Suaeda /inearis and S. maritima), spikerushes 
(Eieocharis spp.), salt marsh bulrush (Scirpus robustus ), 
and seaside goldenrod (Solidago sempervirens). Pools 
and tidal creeks within the salt marshes may be vegetated 
with widgeon grass. sea lettuce or other algae. 

The short form of smooth cordgrass forms extensive 
stands just above the low marsh. Within these areas, 
shallow depressions called pannes can be found. These 
pannes are subjected to extreme temperatures and salinity. 

• 
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Table 15. Represeota!ive estuarine wetland plant communities in New Jersey. 
Wetland Type 
(Haliaity) Domiaaoee Type Common Associates Less Com-• Pa.nts Water Rea;hae Emergent Smoolb Cordgrass None None Regularly Flooded 
( Polyhaline 1 (tall form) 
Emergent Smooth Cordgrass Marsh Fleabane. Sea Lavender. Salt Hay Irregularly Flooded 
( Polyhaline 1 (short ionn I Glassworts Grass. Spike Grass. Marsh 

Orach. Peren.nia& Salt Marsh 
Aster. Salt Marsh Bulrush Emergent Salt Hay Grass Spike Grass. Smooth Glasswort. Marsh Orach Irregularly Flooded 

( Polyhaline 1 
C ordgrass (short tonn 1 

Emergent Switchgrass Seaside Goldenrod. Sea Myrtle. Grass-leaved Irregularly Flooded 
I Polyhahne 1 

Poison Ivy Goldenrod. Bayberry. Salt 
Hay Grass. Common Reed. 
Marsh Pink. Red Cedar Scrut>-Shrub High-tide Bush Black Grass. Spi.lce Perennial Salt Marsh Aster. Irregularly Flooded 

1 Polvhahne 1 
Grass. Salt Hay Grass Seaside Goldenrod. Sea 

Lavender. Sea Mynle Emergent Olney ll!ree-square Spike Grass. Salt Hay Seas1de Gerardia. Rose Irregularly Flooded 
1 \lesohahne 1 

Grass. Marsh Fleabane Mallow. Perennial Salt 
Marsh Aster. Spikerusb Emergent Smootb Cordgrass/ 'Jone Common Reed. Hig!Hide Irregularly Flooded 

1 Mesohal1ne 1 Big Cordgrass 
Bush, Sea Myrtle Emergent Common Reed 'Jone Smooth Cordgrass. Spike Irregularly Flooded 1 \1esohahne 1 
Grass. Salt Hay Grass. 
Slough Grass. High-tide 
Bush. Goldenrods. Asters. 
Smartweeds. Sea Myrtle Emergent Narrow-leaved Cattail Water Smartweed Water Hemp. Water Irregularly Flooded 1 Oligohal•ne 1 

Parsmp. Big Cordgrass. 
Soft-stemmed Bulrush. 
Arrow Arum. Wild Rice Emergent Big Cordgrass Bur Marigold. Common Water Parsnip. St. John·s- Irregularly Flooded 1 011gohahne 1 

Three-square 

Emergent Common Three-square Wild Rice 
r Oligohaline 1 

Summer salinities may exceed 40 pans per thousand (Martin 1959). Although they may be devoid of plants. many pannes are colonized by the shon form of smooth cordgrass. glasswons. marsh orach. salt marsh fleabane ( Pluchea purpurascens 1 and saltwon (Good I 965: Manin 1959: personal observations). Blue-green algae may form dense mats m salt pannes. Pannes are panicularly striking in late summer and fall. when the glasswons tum deep red in color. 

Above the shon cordgrass marsh, two grasses predominate: salt hay grass and spike grass. Salt hay grass often forms nearly pure stands and is probably the more abundant of the two, while spike grass is commonly 

wort. l..Dwland White Aster. 
Royal Fern. Arrow Arum. 
Rice Cutgrass. Hedge 
Bindweed 

Smooth Cordgrass. Water Regularly Flooded 
Hemp. Water Smartweed. 
Arrow Arum. Spikerush 

intermixed. Spike grass appears to dominate in the more poorly drained areas of the high marsh. The shon form of smooth cordgrass also frequently occurs in this zone. Extensive areas of salt hay grass have been diked for hay farming along Delaware Bay. Black grass. which is actually a rush. is typically found at slightly higher elevations and is often associated with high-tide bush. Many ditches and natural creeks throughout the high marsh are immediately bordered by tall or intermediate forms of smooth cordgrass. while old spoil mounds adjacent to the mosquito ditches are often colonized by high-tide bush. At the upland edge of salt marshes, switch grass. common reed, sea myrtle (Baccharis haiimifolitJ ), high-tide bush, and red cedar (JunipeTUS virginiana) 

• 
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Figure 22. Generalized distribution of vegetation in New Jersey salt marsh. Note increased plant diversity along marsh-upland border. 

may form the salt marsh border. Other plants have also 
been observed in border areas. including bayberry (Myrica 
pensyh•anica ). poison ivy (Toxicodendron radicans ), 
seaside rose <Rosa rugosa). marsh fern ( The/ypteris 
rhe/ypteroides 1. seaside goldenrod. grass-leaved goldenrod 
!Euthamia graminifolia). foxtail grass (Setaria genicu
lara 1. slough grass (Spanina pectinata), spikerushes. 
marsh pink (Saba ria stellaris ). and Canada rush (Juncus 
canadensis)( Martin 1959; Sugihara. eta/. 1979; personal 
observations). Where freshwater influence from the upland 
is strong. narrow-leaved cattail (Typha angustifo/ia ), salt 
marsh bulrush. three-squares (Scirpus americanus andS. 
pungens). marsh fern. rose mallow(Hibiscus moscheutos), 
and other brackish species may occur in abundance. In 
some areas along the coast (e.g., Barnegat Bay), salt 
marshes grade into freshwater foreSted wetlands. 

Numerous scientific studies have been undertaken in 
New Jersey's salt marshes (Harshberger 1900. 1909: 
Martin 1959: Good 1965: Sugihara. eta/. 1979: Ferren. 
et a/. 1981 and others). In addition. the Service has 
reviewed the ecology of New England high salt marshes 
which is a useful reference (Nixon 1982). 

Brackish marshes I 

The brackish marshes in the middle ( mesohaline) reach 
of estuaries are exposed to the widest ranges in salinity 
( 5 to 18 ppt), varying considerably with the seasons. In 
spring, these marshes are mildly brackish due to heavy 
river discharge, while in late summer during low freshwater 
flows, salt water penetrates farther upstream and the 
salinity of the brackish marshes approaches that of the 
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more saline marshes. From a vegetation standpoint, this 
area begins the large zone of transition where some of the 
common salt marsh plants like smooth cordgrass. salt hay 
grass. spike grass. salt marsh aster and salt marsh bulrush 
tirst mix with freshwater species. e.g., arrow arum 
(Peltandra virginica ), pickerelweed (Pomederia cordata). 
jewelweed (Impatiens capensis). common three-square 
(Scirpus pungens ). water smartweed (Po/ygonum 
punctatum). water parsnip (Sium suave). rice cutgrass 
(Leersia oryzoides). and soft-stemmed bulrush (Scirpus 
va/idus) (Ferren 1975: Ferren. eta/. 1981: personal 
observations). Salt marsh plants are more common at 
downstream locations. while freshwater plants are more 
abundant upstream. For example. in the regularly flooded 
zone. smooth cordgrass is more imponant at higher 
salinities. whereas common three-square dominates at 
lower salinities (Ferren 1975). 

:\ tleast four pi ants may reach their maximum abundance 
in New Jersey's estuanne marshes: (I) narrow-leaved 
cattail fFigure 23). (2) big cordgrass (Spanina cynosu
roides ). ( 3) common reed. and ( 4\ Olney three-square 
1 Scirpus americanus = S. oineyi ). These plants represent 
the maJor dominance types of the mesohaline marshes and 
generally occupy the irregularly tlooded areas. Narrow
leaved cattail and common reed also occur to a lesser 
extent along the banks at lower elevations. Other common 
brackish plants include water hemp (Amaramhus can
nabinus 1. eastern lilaeopsis. salt marsh bulrush. rose 
mallow. salt marsh fleabane. seashore mallow (Koste/etzkya 
virginica 1. and mock bishopweed (Pti/imnium capi/
laceum 1. Mesohaline marshes are most common in southern 
~ew Jersey along large tidal rivers. such as the Maurice. 
the Mullica. the Great Egg Harbor and the Salem. Hog 
Island in the Mullica River represents an excellent 
example of the transition between brackish marshes and 
the oligohaline and salt marshes. Ferren and others ( 1981) 
commented that drastic periodic salinity changes have 
resulted in floristic instability on the island, particularly 
along the water's edge. By contrast. vegetative changes in 
the marsh intenor are graduaL with smooth cordgrass 
replacing arrow arum. 

TINER 

Figure 23. Mesohaline marsh in southern New Jersey. Narrow
leaved cattail predominates. 

In northern New Jersey. mesohaline marshes are 
largely dominated by common reed and do not have the 
variety of plants common to the south. The Hackensack 
Meadowlands. for example. represents the largest mesoha
line marsh complex in northern New Jersey. The salinity 
averages between 12 and 15 ppt, although concentrations 
as low as 0 to 3 .ppt are not uncommon (Hackensack 
Meadowlands Development Commission 1975). Urban 
development in the New York metropolitan area has 
greatly stressed these wetlands through disturbances 
including drainage, landfills. toxic waste disposal. highway 
construction. industrial and residential development and 
air and water pollution (Figure 24 ). The maJority of the 
Meadowlands is dominated by common reed which does 
particularly well in disturbed and degraded areas. 

Figure 24. The Hackensack Meadowlands are part of the largest 
estuanne wetland compiex in northern New Jersey. 
This area has been subJected to intense urban 
development sance the late 1800's. 

In tracing the history of vegetation for the Hackensack 
\ieadows. Sipple ( 1971 ) identified 5 estuarine marsh 
types: ( 1) common reed type. ( 2) smooth cordgrass-water 
hemp type. ( 3) salt hay grass-marsh orach-glasswort type. 
( 4) narrow-leaved cattail type. and ( 5) salt marsh fleabane 
type. Common reed was ubiquitous in the area and 
represented the most common vegetation type. The other 
types were rather locaiized communities. Other plants 
found in the Meadows include big cordgrass. spike grass. 
salt hay grass. Olney three-square. rose mallow. annual 
salt marsh aster (Aster subu/atus ). seaside goldenrod. and 
common three-square. In low salinity tidal pools. dwarf 
spikerush (£ ieochan·s pan:uia ) and soft-stemmed bulrush 
often occur. Smooth cordgrass dominates creek banks in 
higher salinity waters and is associated with big cordgrass 
and water hemp at lower salinities. Recent observations 
suggest an increase in smooth cordgrass as old dikes are 
breached by more saline tidal waters. 
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Oligohaline marshes 

Only traces of ocean-derived salts characterize the 
uppennost ( oligohaline) estuarine marshes. They are 
predominantly influenced by fresh water with saltwater 
intrusion generally restricted to late summer and most 
imponam within tidal channels. Oligohaline marshes may 
possess the highest diversity of all estuarine wetlands. 
since they lie between the strictly freshwater tidal marshes 
and the more brackish mesohaline wetlands. The regularly 
flooded zone is often dominated by nonpersistent emergents. 
such as arrow arum. wild rice (Zizania aquatica ). 
spatterdock (Nuphar luteum). common three-square or 
pickerelweed (Ferren 1975: personal observations). 
Smooth cordgrass can still be found along the banks in 
decreasing amounts where it is intermixed with freshwater 
species or iri monospecific clumps. Big cordgrass is 
common at higher elevations. Mixed plant communities 
typify the irregularly flooded areas. In the Mullica River. 
Ferren and others f 1981) identified two mixed communi
ues related to substrate differences. On peat. community 
dommants consisted of creeping spikerush (E!eocharis 
fall ax). sedge ( Carex hormathodes ). salt hay grass. 
bulrushes ( Scirpus spp. ). rose mallow. and seashore 
mallow. Mud substrates contained a different assemblage 
or' dominant plants: hooded arrowhead. spikerush 
(£/eocharis oiivacea ). umbrella sedges (C.>perus spp.) 
and marsh fleabane (Pluchea odorata ). At the upper 
limits of the oligohaline reach. estuarine marshes are 
\ i nually indistinguishable from the freshwater tidal 
marshes with main differences being the abundance of 
wild rice and the absence of brackish plants like smooth 
cordgrass in these freshwater marshes. 

Esruan·ne Scrub-Shrub Wetlands 

Estuarine shrub wetlands are not extensive along the 
New Jersey coast. although some rather large stands exist 
in the high marsh zone of salt marshes. They are usually 

-ro:ER Figure 25. High-tide bush characterizes the majority of estuarine 
scrub-shrub wetlands tn New Jersey. Red cedar trees 
are on higher ground. 
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dominated by high-tide bush (Figure 25). This shrub is 
especially common along mosquito ditches where it has 
become established on mounds of deposited material and 
at higher elevations in salt marshes near the upland. Black 
grass and salt hay grass often grow beneath high-tide bush. 
Other common estuarine shrubs include sea mynle and 
bayberry. These woody plants frequently grow along the 
upper edges of salt marshes in association with switchgrass. 

Riverine Wetlands ~ 

The Riverine System encompasses all of New Jersey's 
freshwater rivers and their tributaries. including the fresh
water tidal segments of the Delaware River (i.e .. nonh of 
the Delaware Memorial Bridge 1 and other large coastal 
rivers where salinity is less than 0.5 ppt. This system is 
dominated by deepwater habitats. wah wetlands occurring 
between the river banks and deep water (6.6 feet and 
greater in depth). By definition. riverine wetlands are 
restricted to nonpersistent emergent wetlands. aquatic 
beds and unvegetated shallow water or exposed areas. 
These wetlands are most extensive in tidal freshwater 
areas due to exposure of vast acreages of mudflats at low 
tide. The Delaware River and its tributaries contain the 
bulk of the State's riverine tidal marshes. Since the 1970's, 
these wetlands have received much attention by scientists 
(McCormick 1970a: McCormick and Ashbaugh 1972: 
Walton and Patrick 1973: Good and Good 1974: Good. 
eta/. 1975: Ferren 1975: Whigham and Simpson 1975: 
Ferren and Schuyler 1980), while other riverine wetlands 
have been little studied. Recently. the vegetation of Pine 
Barrens streams has been investigated (Morgan. et a/. 
1983). 

TINER Freshwater tidal marsh in Burlington County. New 
Jersey. Note flooding oi spatterdock. a broad-leaved 
emergent plant. in the regularly flooded zone. 

Riverine Tidal Wetlands 

Freshwater tidal marshes exhibit a zonation pattern 
similar to their estuarine counterparts (Figure 26). Two 
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zones based on elevation and frequency of flooding are 
recognized: (I) low marsh and ( 2) high marsh. Low marsh 
areas -are considered riverine tidal wetlands which also 
consist of intertidal mudflats. The low marsh is flooded at 
least once daily by the tides. High marsh areas are tlooded 
less often by tides and are classified as palustrine wetlands 
by Cowardin and others ( 1979). The Service has recently 
reviewed the ecology of eastern tidal freshwater marshes 
( Odum. et a/. 1984 ). 

The dominant low marsh plants are nonpersistent 
emergents. including wild rice. spatterdock. water smart
weed (Polygonum punctatum ). bur marigold (Bidens 
laevis ). broadleaf arrowhead (Sagitta ria larifolia ). water 
hemp. arrow arum and pickerelweed. These plants generally 
dominate the regularly flooded zones and intennix with 
persistent emergents at higher elevations to fonn large 
stands of palustrine udal wetlands 1 Figure 27). Wild rice 
1s widespread in these tidal marshes because it can 
germinate under a wide range of hydrologic regimes 
1 Whigham and Simpson 1977). Pure and mixed stands of 
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wild rice. spatterdock. and arrow arum usually characterize 
the majority of riverine tidal marshes ( McCormick and 
Ashbaugh 1973: Good and Good 1974: personal obser
\·ations ). Pickerelweed. water smartWeed. and water hemp 
are also dominant along tidal stream channels. Along the 
Mullica River. Parker's pipewort. quillwort (isoetes 
riparia). dwarf St. John·s-wort !Hypericum muriium). 
bog rush (J uncus pelocarpus ). and hedge hyssop ( Grariola 
a urea) have been observed on sand and gravel shores 
(Ferren. et al. 1981 ). Major freshwater tidal emergent 
wetland communities for the Hamilt0n Marshes in Trenton 
are listed in Table 16. 

Vegetation is not always evident in these marshes due to 
the predominance of nonpersistent emergents. By defini
tion. these plants readily decompose after the growing 
season and their remains are not found standing in the 
marshes in spring. Tidal riverine emergent wetlands. 
therefore. appear as mudflats during low ude in the winter 
and early spring. During the growing season. the visual 
picture or physiognomy of these wetlands changes drama-
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Flpre 27. Generalized plant zonation in a freshwater tidal wetllllld (adapted from Simpson. et a/. 1983 ). Note that wetland vegetation 
occurs in two systems - Riverine and PalusUine. 
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Table 16. Major freshwater tidal wetland communities in the Hamilton Marshes. Trenton. New Jersey (from Whigham and Simpson 1975 ). 

System 

Rive nne 

Palustnne 

Communities have been arranged accordmg to ecolog~cal system. Riverine communities are tlooded daily by the udes. while palustrine communities are tlooded less ofien. except lor ponds that are continuously tlooded. 

Dominance Types 

Spatterdock; Wild Rice 

Spatterdock/Water Hemp! 
Broadleaf Arrowhead/Pickerelweed 

SpatterdockiWild Rice/ 
Pickerelweed 

Canails/Arrow Arum; Sweet Flag. 

Purple Loosestrife: 
Arrow Arum 

Sweet Flag; Arrow Arum 

Bur Marigold; Arrow 
:\rum; Tearthumbs 

Giant Ragweed/Arrow Arum 

Reed Canary Grass 

Wild Rice/Bur Marigold; Sweet 
Flag;Broadleaf Arrowhead 

Spatterdock/ PickerelweediWater 
Smartweed 

Arrow Arum/Wild Rice 

Purple Loosestrife 

Canails 

Rose Mallow. 

Spatterdock 

Purple Loosestrife 

Rose Mallow 

Associated Vegecation Wetland Location 

Wild Celery. Broadleaf Arrowhead. Stream Channel 
Water Mil foil 
Water Smanweed. Wild Rice 'Stream Bank 

Water Smanweed. Water Hemp Stream Bank 

Jewelweed. Halberd-leaved High Marsh 
Tearthumb. Arrow-leaved 
Tearthumb. Rose Mallow 

Jewelweed. Rose Mallow. 
Tearthumbs 

Jewelweed. Tearthumbs 

Broadleaf Arrowhead. Water 
Hemp. Jewelweed 

Jewelweed. Tearthumbs 

None specified 

None specified 

Broadleaf Arrowhead. Wild Rice. 
Purple Loosestnfe 

Broadleat· Arrowhead. Water 
Smanweed 

Arrow Arum. Spatterdock. Rose 
Mallow 

Arrow Arum. Water Smanweed 

Purple Loosestrife. Arrow Arum. 
Spatterdock 

Pickerelweed. Waterweed. 
Pondweed. Water Smanweed 

Spatterdock. Arrow Arum. Water 
Smartweed, Rose Mallow 

Spatterdock. Arrow Arum. Water 
Smartweed. Purple Loosestrife 

High Marsh 

High Marsh 

High Marsh 

High Marsh 

High Marsh 

High Marsh 

Pond-like Area subject to tidal 
fluctuations (alternately flooded 
and exposed 1 

Pond-like Area 

Pond-like Area 

Pond-like Area 

Pond-like Area 

Tidal Pond (permanently 
flooded) 

Tidal Pond 

Tidal Pond 

tically. In mid to late April, annual seedlings cover the 
high marsh (R.L. Simpson, pers. comm.). By late spring 
and early summer. broad-leaved emergents. particularly 
spatterdock. arrow arum and arrowhead. dominate. since 
their leaves are among the first to emerge. As the season 
progresses.- taller growing plants like water hemp, wild 

rice. smanweeds, jewelweed, and bur marigold become 
visually dominant. If. however. one looks closely a dense 
understory of spatterdock can often be seen (McCormick 
and Ashbaugh 1972 ). Bur marigold becomes evident in 
late September and early October when its large yellow 
flowers appear. 
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Riv.en·ne Nontidal Wetlands ¥ 
Although the majority of the State's wetlands probably lie along nontidal rivers and streams. onlv a fraction of these are considered rivenne wetlands ac.cording to the Service's classification system 1. Cowardin. er ai. 1979). Riverine wetlands are largely restricted to fringes of nonpersistent emergent plants growing on river banks or in shallow water and to aquatic beds within the channels. Contiguous wetlands dommated by persistent vegetation i trees. shrubs. and robust emergents 1 are classified as palustrine wetlands l see following section for discussion). 

~ontidal riverine wetlands are most visible along slowflowing. meandering lower perennial rivers. Here nonpersistent emergent plants like burreeds. pickerelweed. arrowheads. arrow arum. cutgrasses and smanweeds colonize exposed banks or \·ery shallow waters (Figure 28 1. Aquauc beds may also fonn m slightly deeper wacers of clear rivers and streams. Important aquauc bed plants mclude submerged fonns of burreeds and arrowheads. riverweeds and pondweeds < Pocamogeron spp. ). spatterdock and white water lily t/Vymphaea odorata}. A recent study of Pine Barrens streams (Morgan. et a/. · I 98 3 1 found these plants associated with others. such as bayo:ne~ rush (luncus militans 1. false loosestrife tLudwigia pa/ustns ). larger water starwort 1 Callitriche heter.ophy//a ). three-way sedge tDulichium arundinaceum l. cardinal flower I Lobelia cardina/is 1. and Virginia meadow beauty tRhexia rirg1mca .1. Algae in these streams have been described by Moul and Buell ( 1979). In contrast. fast flowing upper perennial streams of northern ;-..;ew Jersey·s mountains mainly suppon beds of aquatic c~·eeds and mosses. e.g .. Podostemum. Fissidens. Foncinaiis. and H1pnum ( F airbrothers and Moull965 I. These plants g:row on stones and boulders in the streambeds. 

; ...• 
·-~-=~ 

Tr~ER Figure 28. Aquatic vegetation is present in many New Jersey streams. Here. riverine aquauc beds are bordered by palustrine wetland. 

Palustrine Wetlands .f 
The majority of New Jersey's wetlands. i.e .. freshwater marshes. bogs, swamps and bottomland forests, are classified as palustrine wetlands. They represent the most floristically diverse group of wetlands in the State. Considerable vegetation change can be observed in palustrine wetlands from north to south and within regions due to ditTerences in climate. hydrology. water chemistry (pH). soils and human disturbance. This collection of wetlands is subjected to a wider range of water regimes than wetlands of other systems. The more common water regimes include pennanently flooded. semipennanently flooded. seasonally t1ooded. and temporarily flooded. Certain tidally influenced freshwater areas also represent palustrine wetlands. Many plants may be restricted to one or two sets of hydrologic regimes. but a great many like red maple tAcer rubrum ). purple loosestrife cLythrum salicaria 1 and cattails tolerate a w1de· range of tlooding and soil saturation conditions. Woody plants as a group appearto have the widest range. Although theirtolerances may be high. many wetland plants are usually more prevalent under particular water regimes and may. therefore. be used as good indicators of flooding duration and soil saturation. Examples of plant-water regime relationships are presented in Table I 7. Palustrine wetland plant communities are discussed by class in the following subsections. The reader should recognize the diversity of these communities and that this discussion attempts to characterize only the maJor types. 

Palusmne Aquatic Beds 

Natural and man-made ponds are common throughout the State. These pennanently flooded water bodies comprise the "wettest"" of the palustrine wetlands. Many shallow ponds have aquatic beds covering all or part of their surfaces or bottoms. The aquatic beds are similar to those associated with the shallow water margins of lakes and reservoirs. Common dominance types include floating species like duckweeds: rooted vascular plants such as spatterdock. white water lily. water shield lBrasenia schreberi t and pond weeds: and green algae. For additional infonnation. please refer to the discussion of lacustrine wetlands. 

Palustrine Emergent Wetlands g.. 

Palustrine emergent wetlands are freshwater marshes dominated by persistent and nonpersistent grasses. rushes. sedges. forbs. and other herbaceous or grass-like plants. In general. they can be divided into two groups based on hydrology: ( I ) tidal emergent wetlands and ( 2) nontidal emergent wetlands. 
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Table 17. Examples of hydrophyte-water regime relationships in New Jersey's nontidal wetlands. 

Water Regime Scientific: Name· 

Permanently Flooded Vallisnen·a americana 
Eriocauion parkeri 
.Vymphaea odorata 
Spirodeia poh·rJuza 

Serrupermanently Flooded Sparganium americanum 
}uncus miiitan·s 
Decodon verriciiiatus 
Cephaianrhus occzdentaiis 

Seasonally Flooded Carex stricta 
Sympiocarpus foetidus 
Trpha latifolia 
~ ·accinium corvmbosum 
Chamaecypans rhvoides 

Temporarilv Flooded Solidago spp. 
Jfaianthemum canadense 
Kalmia angusr:rfolia 
Smilax rorundijolia 
.Hitchella repens 
Quef'C'us palusrris 
Fagus grandifolia 
Carva orara 

Palustrine Tidal Emergent W~tlands ~ 

Palustrine emergent wetlands occur along tidal fresh
water rivers and generally lie above the mean high tide 
mark. These emergent wetlands fall within the Palustrine 
System smce the~ occur behind :latural levees and often 
have a predominance of persistent vegetation. whereas 
Jdjacent streamside marshes of nonpersistent emergents 
are inciuded in the Riverine System. Freshwater tidal 
wetlands are most abundant along the Delaware Rive~and 
ItS tributaries. especially in Gbucester and Burlington 
Counties. 

Plant diversity is greater in palustrine tidal emergent 
wetlands than in contiguous riverine tidal marshes. A 
mixed plant community usually predominates and includes 
narrow-leaved canail. bur marigold. water smartweed. 
halberd-leaved tearthumb (Poiygonum anfolium ). 
arrow-leaved tearthumb (P. sagitta tum). wild rice. broad
leaf arrowhead. water hemp. sweet flag (A co !"Us caiam us). 
and arrow arum. Wild rice also occurs in pure stands. 
Dodder ( Cuscuta sp. ). a plant parasite. is quite common in 
these wetlands ( R.L. Simpson. pers. comm.). Common 
reed is especially abundant in disturb.:!d areas such as near 
dredged material disposal sites and landfills. Giant ragweed 
(Ambrosia trijida 1 often grows on the natural levee 
between the high and low marsh and is also found on 
disturbed areas in and adjacent to these wetlands 
(McCormick 1970a: Simpson. eta/. 1983: Sickels and 
Simpson I 984 ). Other common plants which may be 

Common Name Plant Life Form 

Wild Celery Submergent 
Parker's Pipewort Submergent and Emergent . 
White Water Lily Floating-leaved 
Big Duckweed Floating 
Burreed Emergent 
Bayonet Rush Emergent 
Water Willow Shrubby Emergent 
Buttonbush Shrub 
Tussock Sedge Emergent 
Skunk Cabbage Emergent 
Broad-leaved Cattail Emergent 
Highbush Blueberry Shrub 
Atlantic White Cedar Tree 
Goldenrods Emergent 
Canada Mayflower Emergent 
Sheep Laurel Shrub 
Common Greenbnar Vine 
Partridge berry Shrub 
Pin Oak Tree 
Beech Tree 
Shagbark Hickory Tree 

locally dominant are pickerelweed. rose mallow. puf1'le 
loosestrife. Walter's millet IEchinochioa ~··aiten·l. reed . 
canary grass (Phaian·s arundinacea 1. soft-stemmed bul
rush. and broad-leaved cattail (Typha latifo/ia 1 ( McCor
mick and Ashbaugh 1972: Good. et ai. 1975: \Vhig.ham 
and Simpson I 975: Ferren 1975: Simpson. eta!. 1983: 
personal observations 1. In the high marsh. spatterdock 
and pickerelweed are dominants in ponds and pond-like 
areas which may be flooded from 9 to I 2 hours during each 
tidal cycle (Simpson. et a/. !983 ). Scattered shrubs and 
trees. such as button bush I Cephalanthus occidemaiis 1. 
willows (Saii.-c spp.). swamp rose cRosa palusrns1. and 
red maple. are often associated with palustrine tidal 
wetlands. 

Palustrine Nontidal Emergent Wetlands ~ 

rreshwater emergent wetlands beyond tidal influence 
are about five times more abundant than the palustrine 
tidal marshes in New Jersey. While more common in 
northern areas than in the southern part of the State. 
freshwater marshes even occur in wet swales between 
dunes on coastal barrier islands. 

Table 18 presents a list of dominanc emergent plants in 
New Jersey's freshwater marshes. This list generally 
compares northern and southern marshes. Cbiquitous 
plants common to both regions include cattails. water 
willow (Decodon verricil/atus ). wool grass. common reed. 
and puf1'le loosestrife. 
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Table 18. Common dommance types ior New Jersey's paJustrine emergent wetlands. The astensk (*) denotes spec1es characteristic oi the Pine Barrens. 

Nonhern New Jersey Southern New Jersey f 
Cana~ls 

Canails Arrow Arum Common Reed Tussock Sedge Water Willow Rice Cutgrass Purple Loosestnfe Water Willou Rice C utgrass Reed Canary Grass Burreeds Spike rushes Arrow Arum BlueJOint Goldenrods Wool grass Woolgrass Sedges 
Soft Rush Common. Reed Pickerelweed Soft Rush Smartweeds Burreeds Three.wa\· Sedge Pickerelweed Sedges Sweet Flag *Twig Rush \1ill et *Bavonet Rush Purple Loosestnie •c an ada Rush Smanweeds •Pipeworts .-\rrowheads •Bull Sedge Bulrushes •c o!!ongrass Goldenrods *Golden Club 

*Lowland Broomsedge 
*\1anna Grasses 
*Beakrushes 

In northern marshes. water willow. pickerelweed. ~owheads. burreeds. cattails. and soft-stemmed bulriish are common in semipermanently flooded areas. Seasonally t1ooded wetland dominants include cattails. tussock sedge. blueJoint. sweet tlag. smartweeds. bulrushes. purple loosestrtfe. and arrow arum. Broad-leaved cattail and purple loosestrife are frequent co-dominants in nonhern ~ew Jersey marshes. Sweet tlag commonly forms nearly pure stands in depressions of wet pastures in the nonhern half of the State. Goldenrods {Eurhamia graminifolia and Solidago spp. ~and Joe-Pye-weeds IEuparoriadelphus purpureus aP.d others~ often retlect drier situations of temporarily flooded emergent wetlands. Soft rush often occurs in a short form in temporarily flooded·meadows. while a robust !taller) form grows in seasonally flooded areas. Reed canary grass can also be found in both temporarily flooded and seasonally flooded wetlands. Other common plants in northern emergent wetlands include Jewelweed. blue flag (Iris versicolor). skunk cabbage tSymp/ocarpusfoeridus). bugieweeds (Lycopus spp. ). marsh fern. crowfoots (Ranunculus spp. ), Angelica <Angelica arropurpurea ). sensitive fern (Onociea sensibilt"s ). winter cress (Barbarea vulgaris). soft-stemmed bulrush. swamp miiJcweed (Asclepias incarnata ), boneset (Eupatorium peifoliatum ). asters ~Aster novae-angliae, A. no~·i-belgii. and others), blue vervam( Verbena hastata ), New York ironweed (Vernonia noveboracensis), false nettle (Boehmeria cylindrica ), and mock bishopweed. 

·\I . 
~ 

Shrubs are often scattered in clumps throughout marshes and found along the upland border. They include Allegheny blackberry (Rubus allegheniensis 1 and poison ivy in temporarily flooded situations and swamp rose. buttonbush. winterberry (flex veniciilara 1. p01son sumac t Toxicodendron vernix). highbush blueberry ( Vaccinium corymbosum 1. alders !Alnus spp. ). willows. and red maple saplings in seasonally flooded marshes. More wide ranging shrubs are meadowsweet (Spiraea /atifo/ia). steeplebush (Spiraea comentosa 1. silky dogwood (Comus amomum ~. and southern arrowwood (Viburnum dentatum ). Examples of northern marsh communities are shown in Figure 29. 

Freshwater marshes in the Pine Barrens of southern :"lew Jersey are quite different from marshes in the rest of the State (Figure 30). The acid waters of Pine Barrens streams create conditions that favor colonization by other plants. Here. dominant emergents consist of bayonet rush. wild rice. bull sedge lCarex bullara 1. pipeworts cEriocaulon spp.). Canada rush. twig rush iCladium mariscoides 1. cottongrass tEriophorum virginicum 1. golden club ( Oronrium aquaticum ). manna grass ( Glycena obtusa ~. coast sedge ( Carex exilis ). Virginia meadow beauty. three-way sedge. beakrushes (Rhyncltospora alba and others~. redroot (Lachnanrhes caroliniana ). lowland broomsedge (Andropogon ~·irginicus var. abbreviatus). and twisted yellow-eyed grass (Xyris ronal c Olsson 1979: personal observations). Other common plants include sundews (Drosera spp. ), panic grass (Panicum spp.). shortleaf milkwort (Polygala bre~·ifolia ). peat mosses (Sphagnum spp.). wild oat grass (Dantltonia sericea var. epilis ). bog aster (Aster nemoralis ). toothleaf flatsedge ( Cyperus dentatus 1. bog rush(} uncus peiocarpus ). forked rush CJ. dicltoromus ~. rice cutgrass. eastern burreed !Sparganium americanum 1. woolgrass. pickerelweed, spikerushes. St. John ·s-worts ( Triadenum virginicum and Hypericum spp. ). bladderwons ( Utricu/aria spp. ). and orchids (e.g .. Plaranrhera biephariglottis ). Less common plants in seasonally flooded .. savannas .. include purple pitcher plant (San-acenia purpurea ). bog asphodel (:Varthecium americanum ), slender blue flag Uris prismatica ). gold-crest (Lophiola ·americana). false asphodel (Tofie/dia racemosa), royal fern (Osmunda regal is). Bartonia (Bartonia virginica ). twisted yelloweyed grass. and ten-angled pipewort (En·ocauion decangulare) (Harshberger 1916: Olsson 1979). Dense St. John's-wort (Hypericum densiflorum) is abundant in these areas. while big cranberry ( Vaccinium macrocarpon) may be locally common. In temporarily flooded" savannas". scattered pitch pine (Pinus rigida) and clumps ofinkberry (/lex glabra I. bayberry, sheep laurel (Kalmia angusrifolia ). fetterbush (Leucothoe racemosa ), red chokeberry (Aronia arbutifo/ia ). black chokeberry (A. melanocarpa ), witherod (Viburnum cassinoides) and leatherleaf ( Chamaedaphne calycuiata) may be found (Harshberger 1916 ). According to McCormick ( 1979), Pine Barrens savannas are not as extensive as they were at the tum of the century, 
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l SO.~ SCS 

Figure 29. E\amples otpalustrtne emergent wetlands in northern New Jersey: (a) burreed marsh. (bl broad-lea\'ed cattail marsh. tcl soft n..~sn-domtnated wet meadow. and 1 d 1 tussock sedge meadow. wrth cana1l marsh. 

Tl~ER B 
TI"'ER 

Figure 30. Examples of palustrine emergent wetlands in southern New 1 ersey: (a) mixed emergents with aquatic bed and (b) spikerush marsh. wnh grasses and highbush blueberry. 
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with less than 1000 acres remaining. Today, shrub 
thickets of leatherleaf and highbush blueberry and maple
gum or white cedar swamps have replaced many former 
savannas. 

Outside of the Pine Barrens in southern New Jersey. 
emergent wetlands are dominated bv rice cut~rrass. cattails. 
soft rush. water willow. burreeds. purpl~ loosestrife. 
common reed~ woolgrass. and others. Common emergent 
plants include pickerelweed. arrow arum. St. John's
werts. bedstraw ( Gaiium sp. 1. tussock sedge. other sedges. 
smartweeds. blue flag. foxtail grass. soft-stemmed bulrush. 
jewelweed. swamp milkweed. boneset. three-way sedge. 
arrowheads. tearthumbs. and beggar-ticks. Shrubs and 
low trees may also be present. such as buttonbush. 
arrow'Wood . .:ammon elderberrY tSambucus canadensis). 
sweet gum tLiquidambar srwacij7ua 1. and red maple. 

On coastal islands. other tYpes of palustnne emergent 
\\ etiands are round. Where natural pnmarv and secondary 
dunes ha\·e sunwed development. freshwater marshes 
exist In wet swales between the dunes. Martin ( 1959) 
obsen ed three major communities on Island Beach State 
Park: 1 l 1 broad-leaved cattail dominance type. ( 21 marsh 
fern dominance type. and ( 3) rose mallow dominance 
type. \1inor communities were dominated by swamp 
milkweed. tlat sedge. and salt marsh hay. Numerous 
mn;ed communities were also reported. Harshberger 
1 lliOO 1 also noted the high \an ability between different 
mterdunal wetlands. Other common plants included lowland 
broomsedge. sedges. umbrella sedges !Crperus fiiicinus 
and C gran/ 1. spikerush I Eieochans eryrhropoda ). 
thoroughwort tEupatonum album 1. marsh St. John's
\\tm 1 Trradenum 1·/rginicum 1. Canada rush. soft rush.· 
e\ enmg pnmrose 1 Oenorhera perennis ). ctnnamon fern. 
10\ ai tern. reed. Pennsylvama smartweed !Polygonum 
pensrhamcum 1. and common three-square 1 Small and 
.\ 1artin IllS 8 1. Common reed-dominated marshes are 
extensive. particularly where Iarmer salt marshes were cut 
,1tf from udal inlluence by dikes and roadways. Many of 
them ha\ e e\·idence oi relict salt marsh species such as salt 
marsh hay. black grass. sea myrtle. marsh orach. and 
switchgrass. yet stnctly freshwater plants including com
mon elderberry. red maple. willows. horsetails!Equisetum 
spp. ). mghtshade (Solanum dulcamara). poison ivy. 
swamp rose and water primrose (Ludk·igia decurrens) 
may also occur. 

Paiusrnne Scrub-Shrub Wetlands <}' 

Palustrine scrub-shrub wetlands are shrub swamps 
dominated by woody vegetation less than 20 feet (6ml in 
height. The dominant shrubs in northern New Jersey 
include speckled alder (Ainus rugosa). smooth alder (A. 
serruiara 1. willows (Salix sericea and others). buttonbush. 
silky dogwood. northern arrowwood (Viburnum recogni
tum ). southern arrowwood. me~::dowsweet. steeplebush. 

highbush blueberry. swamp rose. Allegheny blackberry. 
and sapling red maple. Other important shrubs in this area 
are sweet pepperbush ( Ciethra ainifolia ). swamp azalea 
(Rhododendron viscosum ), winterberry(/iex venici/iata 1. 
poison sumac. red osier dogwood (Comus stoionifera ). 
poison ivy. and maleberry (Lyonia iigustrina ). Sweet gale 
(Jfyn·ca gale) and mountain holly (Nemopanrhus mucro
nata J may be common locally in the northwestern comer 
of the State as observed in High Point State Park by 
Niering ( 1953). 

In the southern region. red maple. southern arrowwood 
and high bush blueberry are stiJJ common dominants. but 
other woody plants often predominate in shrub wetlands 
including bayberry f on barrier islands I. leatherleai. 
staggerbush ILyonia mariana). sweet pepperbush. swamp 
azalea. shrubby St.John ·s-wort. sheep laurel. dangleberry 
r Gayiussacla frondosa 1. dwart· huckleberry 1 Gariussacia 
dumosa 1. fetterbush. big cranberry. and saplmg trees of 
prtch ptne. Atlantic whtte cedar 1 Chamaecypans rhrotdes 1. 
and gray birch (Betula populifolia 1. Other shrubs of local 
Importance are inkberry. chokeberries. withe-rod. possum 
haw 1 Viburnum nudum). and smooth alder. Examples oi 
the community structure of scrub-shrub wetlands are 
shown in Table 19. 

The wettest shrub wetlands may be dominated by 
buttonbush in the north and by leatherleaf and dense St. 
John's-wort in the south. Buttonbush is charactenstic of 
semipermanently flooded wetlands and the wettest sea
sonaJJy flooded ones. It is also found in freshwater ttdal 
wetlands along the coastal plain. where it is often inter
mixed with emergent vegetation. Leatherleai tends to 
predominate in southern shrub bogs which are seasonally 
tlooded and saturated throughout the year. while it is much 
less common in northern New Jersey (Figure 31 ). It also 
grows along the margins of many ponds in the Pine 
Barrens and occurs with sedges in savannas 1 McCormick 
1970bJ. Dense St. John·s-wort is also common in these 
wet sa\'annas r Harshberger 1916). 

Other seasonaJJy flooded shrub swamps throughout the 
State may be characterized by highbush blueberry (Figure 
32) and sapling red maple or by alders and willows in 
northern New Jersey or by Atlantic white cedar. stagger
bush. big cranberry and others in the south. Common 
associates in northern areas include bluejoint. purple 
loosestrife. soft rush. tussock sedge and other sedges. 
broadcleaved cattail. marsh fern. arrow arurr.. rice cutgrass. 
rose mallow. reed canary grass. arrow-leaved tearthumb. 
and peat mosses. Further south. sedges. soft rush. arrow 
arum. peat mosses and marsh fern remain common. but 
other plants become increasingly important in shrub 
swamps. They include woolgrass. chain ferns I Wood
k'ardia spp. ),lowland broomsedge. spikerushes. cinnamon 
fern (Osmunda cinnamomea). royal fern. bayonet rush. 
three-way sedge, cottongrass. sundews (Drosera spp.), 
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Table 19. Examples of palustrine scrub-shrub wetland commumties in New Jersey. 

Dominance Type 
(Water Regime) 

Bunonbush 
1 Semtpermanentiy Flooded 1 

Red \1aole 
1 Seasonaliv Flooded I 

Hi~bush Blueberrv · 
Swamp . .UaJea: 
Sweet Pepperbush 
· Seasonaily Flooded 1 

Smooth Alder 
, Seasonailv Flooded 1 

Silkv Dogwood 
Seasonallv Flooded 1 

K.ed Maple 
Sea,onall' Flooded 1 

K.ed \1aple 
, SeasonaJi\ Fiooded 1 

Hig.hbush Blueberry' 
Sheeo Laurel 
SeasonaJI\· Flooded I 

Leatherlear' 
1 Saturated 1 

Pitch Pine: Sheep Laurel! 
Atlanuc White Cedar 
1 Saturated 1 

Associated. Vegetation 

Shrubs: Steeplebush. Red Maple 

Herbs: .-\rrow Arum. Soft Rush. WooiiU'ass. Blue Fla2. St. John's-won. Tussock 
Sedge. FaJse Nenle. Arrow-Je;ved Teanhumb 

Others: Duckweed 

Shrubs: Steeolebush. Highbush Bluebem·. Smooth Alder. Poison Sumac. Gray 
Birch. Maleberry. Black Chokeber!!·· Southern Arro'II.'WOod 

Herbs: \1arsh Fern. Cinnamon Fern. Tussock Sedge. Boneset. Sweet Flag. 
\1arsh St. John·s-won. Sweet White Violet. Sensitive Fern 

Others: Peat Moss and other mosses 

Shrubs: Red \1aple 

Herbs: Arrow Arum. St. John·s-won. Tussock Sedge 

Others: Peat \1oss 

Shrubs Rea Maple. Swamp Rose. Wiilo~~o· .. -\mencan Elm. Sil.kv Dogwood. 
C hem:. Arro~~o'WOO\l 

Herbs: Sweet Flag. Skunk Cabbage. Sensitive Fern. Manna Grass. Sptkerush. 
Blue Flag. \1mt 

nerbs: Rice Cutgrass. Arrow-leaved Tearthumb. Thoroughwon 

Shrubs: Southern Arrowwood. Silky Dogwood. Alder. Willow. Highbush 
Blueberry. Potson Sumac 

Herbs: Jewelweed. Boneset. Senstttve Fern. Tussock Sedge. Broad-leaved 
CattaJI. Wool grass. Seed-box. SpottedJoe-Pye-weed. Smanweea. \1arsh 
Fern. Goldenrod. Arrow-leaved Teanhumb 

Others: ClliT1bmg Hempweed 

Shrubs: DangJebem·. Sheep Laurel. Lc:atherleai. Big Cranberry. Sweet Ba~. 
Bavberry. Servtceberry 

Herbs: Cinnamon Fern. Sedges. \'irgmta Cottongrass. Soft Rush. Thoroughwon. 
Spikerush. Arethusa 

Others: \\'htte Water Lilv. Bladderwort 

Trees: Red \1aple 

Shrubs: Pitch Pine. Jnkberry. Wintergreen. Big Cranber!!' 

Herbs: Woolg:ras~. Bracken Fern. Aster 

Others: Peat \1oss. Hatrcap \loss 

Trees: Pitch Pine. Red \1aple 

Shrubs: Highbush Blueoerl!·· lnkberry 

Heros: \'irginia Chain Fern 

Others: Peat Moss 

Shrubs: Highbush Blueberry. Swamp Azalea 

Others: Greenbriar 
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Location 

\1oms County 

Passatc County 

\1orris County 

'Sussex County 

L' nion Count~ 

\1onmouth County 

Burlmgton County 

Burlington County 

Burlington Count\· 

Ocean County 
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Figure 31. 
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Leatherleaf wetland in southern New Jersey. Saplings of Atlanuc white cedar are growing along the edge of this scrub-shrub 
"etland. 

Highbush blueberry is abundant throughout the 
State. 

and St. John's-worts. These plants. which may dominate 
emergent wetlands. are especially abundant in mixed shrub
emergent wetlands. 

Jervis ( 196 3) described a mixed wetland type in 
nonhern New Jersey as the ··sedge-shrub community ... 
Here. shrubs like red maple. alder. buttonbush. swamp 
rose. steeplebush and silky dogwood had colonized the 
tussocks of the tussock sedge. Tiner ( 1980) also observed 
mixed emergent and shrub wetlands in the Passaic River 
Basin. Composition of these communities was quite 
variable. although red maple saplings with tussock sedge. 
purple loosestrife or bluejoint were most common. Other 
communities were well-mixed with numerous shrubs and 
herbs. including alders. dogwoods. willows. common 
elderberry. swamp rose. red maple. steeplebush. meadow
sweet. poison sumac. southern arrowwood. tussock sedge. 
cattail. marsh fern. tearthumbs. sensitive fern, asters. St. 
John's-worts. cinnamon fern. soft rush. goldenrods. blue
joint. wool grass. New York ironweed. fringed loosestrife 
(Lysimachia ciiiaca ). blue flag. reed canary grass. purple 
loosestrife. horsetail. sedges. crowfoots. mints (Mentha 
spp.J, wild millet (Echinochioa spp.) and blue vervain. 

Olsson ( 1979) described several shrub wetland com
munities of the Pine Barrens. while Montgomery and 
F airbrothers ( 1 96 3) compared a northern New Jersey 
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sphagmum bog with one· from the Pine Barrens. The southern:~ bog (Bennett Bog, .14 9 species I had much higher plant dR:ersity than the nonhern bog ( Utterton Bog. 43 species)). [nterestingly. only 9 plants. including sweet peppelibush. swamp azalea. red maple. highbush blueberry and biig'cranberry, were common to both areas. These data conflJ'l"ned claims that boreal plants near their southern range blfll'iit may be restricted to northern New Jersey bogs. while Pine Barrens bogs possessed southern species which have reached their northern limit. 

N i~« 195 3) studied a leatherleaf-dominated northern bog in :Sussex County. Associated shrubs included bog rosemaJIY <Andromeda giaucophylla ). oog laurel (Kalmia polifo/ia~. sheep laurel. and big cranberry. Small trees of black splrll)}oe J Picea mariana 1 and larch (Larix /aricina I were scattered on the bog mat. Rigg ( 1940) compared New Jer.sey shrub bogs with others in the United States. 

ln <k l!ilorthern half of the State. silky dogwood. meadOIW.sweet. steeplebush. and Allegheny blackberry may neac:h their maximum abundance in temporarily tlooded. we.r.lands. Their southern counterparts are sheep laurel amd! jpltch pine saplings. 

Van Y:echten and Buell ( 1959) found Allegheny blackberry . .oomrnon elderberry. multiflora rose (Rosa multiflora 1 2lliJii silky dogwood on temporarily flooded floodplains cf l!ihe !Millstone River. Jervis (1963 I reported a similar $lhrub wetland having a mixture of meadowsweet. steeple~. Allegheny blackberry. silky dogwood. and goldermxls from Troy Meadows in Morris County. 

Shrub wetlands are also present on barrier islands. Here. cammmon shrubs are highbush blueberry. bayberry. b1g cr<mbelnry. and sea myrtle. Representative plant commumai.es ihave been described by Martin ( 1959). All of these ~t~ommunities lie in depressions between sand dunes w:ner:.e the water table· is near the sun·ace. The highbusn lnltueber11' and bayberry communities are probably the mostt collliltnon types. Common associates within bluebern>· ·wetlands are .poison ivy. sheep laurel. and common ~eenbr:iar (Smilax rorundifolia 1. while less abundant !iJ{!.ants include bayberry. Canada serviceberry (AmeJanmiler canaden.sis ), swamp rose. marsh fern. cinnam0111 fum .. and royal fern. 

Palusrri~ iFGnesred Wetlands /' 

Palusirme forested wetland is the most abundant and widely distrihruted wetland type in the State. Most swamps lie along r1111er.s and streams and in upland depressions. while some !lllmlder salt marshes in coastal areas. Forested wetlands are ,characterized by the presence of woody vegetation !taller than 20 feet (6m). Figure 33 shows examples ai ttbese wetlands. 

7 I 

TISER Figurell. Examples of palustrine forested wetlands: northern N J. (a) red maple swamp and (b) silver maple floodplain wetland: southern N.J. (c) Atlantic white cedar swamp (background\ and (d) red maple swamp. 
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New Jersey's forested wetlands have received much 
attention from botanists and ecologists. Most studies have 
been conducted in the Pine Barrens (Stone 191 I: Harsh
berger 1916: Little 1950. 1951: Bernard 1963: McConnick 
1955. 1970b. 1979: Givnish 1971: Olsson 1979: Ehrenfeld 
and Gulick 1981: Ehrenfeld 1983). Considerable work 
has also centered on the floodplains of central and 
nonhem New Jersey (Buell and Wistendahl 1955: 
Wistendahl 1958: Van Vechten and Buell 1959: Jervis 
1963: Buchholz 1981 ). Few studies. however. relate to 
nonhem iorested wetlands (Heusser 1949: Nierine 195 3: 
'Tiner 1980). General differences between nonh;rn and 
southern forested wetlands were reponed by Robichaud 
and Buell I 197 3 l. Wetland communities are extremely 
dl\·erse and complex and vary widely with changes in local 
-:haracteristics. 

Forested Wetlands of Nonhem New Jersey 

The 1 ast ma_1or1ty of wooded swamps in nonhem New 
JerseY are deciduous forested wetlands. wnh evergreen 
forested wetlands generally restricted to the nonhemmost 
areas. especiallv Sussex County. Red maple swamps are 
the oreaominant wetland type m this pan of the State. In 
many mstances. other trees are often mtemuxed and may 
appear as co-dominants in cenain wetlands. These trees 
mclude white ash !Fraxinus amen·cana 1. silver maple 
tAcer sacchan·num 1. pin oak 1 Quercus palustris 1. black 
willow 1 Salix mgra 1. sycamore (Platanus accidenralis 1 
and sweet gum. Less dominant trees which may be locally 
abundant are slippery elm 1 Ulmus rubra 1. American elm 
1 Umus amencana 1. black cherry (Pronus serotina 1. 
black gum (.\.rssa nlvatica 1. swamp white oak !Querus 
bicolon. lfonwood 1 Carpinus carotin/ana). gray birch. 
and 1 ell ow birch 1 Betula alleghaniensis 1. Conifers like 
larch. black spruce. hemlock ( Tsuga canadensis 1 and 
white pme !Pinus strobus 1 are rather limited in their 
distribution and abundance. 

:\!though red maple dominates the maJority of forested 
wetlands. ditferences in plant community structure exist 
between individual wetlands due to factors such as soil 
type. water regime and historical land-use practices 
!Table 201. In most wetlands. other trees are found in 
1 arying numbers with red maple. often near the edges of 
the swamp. Robichaud and Buell ( 197 3) observed that 
yellow birch was the prime associate of red maple in 
nonhem New Jersey swamps. while in central New 
Jersey. yellow birch was generally replaced by elm. pin 
oak. swamp white oak. and silver maple. These trees join 
black gum. ash. and red maple as the most common 
wetland trees. A shrub understory characterizes red maple 
swamps. with several species imponant: highbush blue
berry. swamp azalea. winterberry. spicebush (Lindera 
benzoin). silky dogwood. and alders. Spicebush is very 
abundant in forested wetlands of the Piedmont region 
(Robichaud and Buell 19 7 3) and its yellow blossoms are 

evident in early spring. Snowberry (Symphoricarpos 
a/bus) appears to be associated with the drier (temporarily 
flooded) red maple swamps. Numerous emergents form 
the herbaceous stratum of forested wetlands. Some of the 
more common emergents are skunk cabbage, jewelweed. 
marsh marigold (Caltha paiustris ). clearweed (Pilea 
pumiia ). false hellebore ( Veratrum vi ride). tussock sedge. 
other sedges. asters. bugleweeds. beggar-ticks. smarrweeds 
and tearthumbs.jack-in-the-pulpit (Arisaema triphyiium ). 
goldenrods. false nettle. spring beauty ( Ciaytonia virginica ). 
cinnamon fern. royal fern. and sensitive fern. With long 
periods of soil saturation and surface water pending. peat 
mosses often form dense mats on the forest floor. In 
general. many red maple swamps are t1ooded for long 
periods early in the growing season. while the soil remains 
saturated for most of the year. They represent the wettest 
of the forested wetlands in nonhern New Jersey. 

Niering 1 1953) described a red maple-yellow birch 
swamp in Sussex County. Associated trees included black 
ash (Fraxinus nigra). white ash. basswood (Tiiia ameri
cana 1. tulip tree (Liriodendron tulipifera 1. ironwood and 
hop-hotnbean 1 Ostrya virginiana ). lmponant shrubs were 
highbush blueberry. southern arrowwood. and nannyberry 
1 Viburnum lencago ). Cinnamon fern. tussock sedge and 
skunk cabbage were abundant. as was peat moss in wetter 
depressions. Other swamps were dominated by red maple 
and black gum. with white pine or hemlock sparsely 
intennixed. Common shrubs included highbush blueberry. 
swamp azalea. alders. and gray birch. 

The driest 1 temporarily flooded) of the forested wetlands 
are represented by red maple. pin oak. sweet gum. white 
oak (Quercus alba). shagbark hickory (Car:va ovata ). 
swamp white oak. ironwood and beech (Fagus grandifolia. 
probably var. caroiiniana ). Several shrubs forming the 
shrub understory include spicebush. highbush blueberry. 
southern arrowwood. snowberry. Japanese honeysuckle 
(Lonicera japonica ). and brambles !Rubus sp.J. 
Greenbriar (Smilax sp. J is also common. Canada may
t:ower (Maianchemum canadense J and trout lily (Eryth
ronium umbiiicatum J are locally abundant in these 
wetlands. while other emergems include may apple 
(Podophyilum peitatum ). false nettle. sedges. wild garlic 
(Allium spp.). avens (Geum spp.). spinulose shield fern 
(Dryopteris spinuiosa ). and clubmosses (Lycopodium 
spp. ). Haircap moss (Polymchum spp.) and partridgeberry 
(Mitcheiia repens J may occur in scattered patches on the 
ground. These wetlands have a seasonal high water table 
and may be flooded annually for shon periods early in the 
growing season. Infrequent flooding or surface water 
ponding may be observed after snow melt. spring rains. 
.heavy summer storms or during the winter. 

F crested wetlands often border maJor rivers and streams. 
They occur on the low-lying inner floodplain behind 
natural levees. Microrelief determines the duration of 
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flooding which affects plant community composition. The lowest areas are seasonally flooded. while slightly higher levels are only temporarily flooded. A mixed forest community characterizes these wetlands. Important trees include silver maple. white ash. sycamore. red maple. pin oak. swamp white oak. black willow. elms. black gum. box elder (Acer negundo 1. basswood. ironwood. and river birch (BettJia nigra). Wistendahl ( 1958) found 17 tree species in Raritan River floodplain wetlands. Bitternut (Car:,·a cordiformis ), beech. and red oak(Quercus rubra) were among these trees. He described the inner floodplain as a sene~ of shallow sloughs fanning a network of low areas and noticed that trees did not grow in the slough itself. with the exception of box elder and river birch. ~umerous shrubs comprised a shrub understory. with spicebush.. s.nowberry. meadowsweet alder. silky dogwood. barberry 1 Berben·s rhunbergii ), and poison ivy being common. Spicebush was the dominant shrub along the Raritan River (Buell and WistendahJ 1955: Wistendahl 1958). Typical floodplam emergents on the wetland floor included nvens. goldenrods. asters. rice cutgrass. reed canary grass. wood nettle (Laportea canadensisl. wood reed ( Cinna arundinacea ). clearweed. jewelweed. violets 
1 l'iola s.pp.). Virginia smanweed CPolygonum ~·irginia
num l. false nettle. smanweeds. and beggar-ticks. Common \ines were poison ivy. Japanese honeysuckle. wild grape 
1 I 'iris spp .. ). Virginia creeper (Panhenocissus quinquefolia l. and bittersweet ( C elasrrus scandens 1. 

Evergreen forested wetlands are of minor importance in northern New Jersey being limited to the northernmost areas. S~.x County possesses most of these wetlands. ~ ierin g 1119-~ 3 1 described a mixed hemlock-red maple swamp. Other important trees were Atlantic white cedar. yellow billCh. black spruce and black gum. He noted that lhe oldestbse.mlocks and cedars were 90 and 140 years old. respectivel!y· .. Rose bay (Rhododendron maximum) formed dense thidets in heavily shaded areas. Other shrubs were smooth Y.ilmterberry (/lex lael·igara ). winterberry. mountain holly. highiblush blueberry. and smooth aJder.ln more open areas. sw-..azalea. speckled alder and spicebush occurred. Herbs were widely scattered. with cinnamon fern. wild caliUCalla paiustris J and skunk cabbage being most common. &41ing ( 1977) found white pine. hemlock. black gum. red rna.ple. and lar:ch associated with Atlantic white cedar in sOIIltllneastern New York. 

Forested \\'~lands of Southern New Jersey { 

Three ty~ of forested wetlands are prevalent in southern New Jersey: ( I ) hardwood swamps. ( 2) Atlantic white cedar swamps, and ( 3) pitch pine lowland forests. Forested tloOOplain wetlands also occur along Inner Coastal Plaim ltiiVers. Soil type and water regime were reported by Bernard ( 1963) as the most important factors influencing "egetation in southern New Jersey. Human activities, puticuiarJy timber cutting, and natural events 

such as fire have played an important role in shaping the vegetation of the Pine Barrens ( McConnick 1979). Table 21 presents examples of forested wetland communities in southern New Jersey. 

Hardwood swamps are the most abundant forested wetland type. As in the north. red maple dominates most of these wetlands. Black gum and sweet gum are frequent codominants or locally dominant. Common associate trees in wener swamps include sweet bay (Magnolia rirginiana 1. Atlantic white cedar. and ash. Tulip tree. American holly (flex opaca ). sassafras (Sassafras albidum 1. gray birch and willow oak (Quercus phe/los J are frequently found at drier sites. Pitch pine is widely distributed ranging from seasonally flooded to temporarily flooded swamps ( Ledig and Linle 1979). Robichaud and Buell ( 19i3) noted that sweet gum and tulip trees become more dominant in southernmost areas. Loblolly pine 1Pinus raeda J was found in a Cape May County wetland by Bernard ( 1963 ). This may represent the northernmost location for this species. The shrub understory of hardwood swamps is often a dense thicket of sweet pepperbush. highbush blueberry. swamp azalea. fetterbush. black huckleberry (Gaylussacia baccata ). dangle berry. and southern arrowwood. Other important shrubs are leatherleaf. inkberry. spicebush. smooth alder. other blueberries ( Vaccinium pa/lidum ). winterberry. staggerbush. maleberry. serviceberries (Amelanchier spp.), chokeberries. and sheep laureL Mountain iaurel (Kalmia latzfolia) and bayberry are infrequently associated with drier forested wetlands. When a dense shrub understory exists. emergent plants are scarce. In most wetter swamps. emergents include tussock sedge. rice cutgrass. skunk cabbage. beggar-ticks. cinnamon fern. royal fern. arrow-leaved teanhumb. St. John's-woru. and three-way sedge. Peat mosses are scattered in patches on the forest tloor in these wetlands. Drier swamps have goldenrods. Joe-Pye-weeds. white grass (Leersia ~·irginica ). meadow rue ( Thalicrrum sp. ). and bracken fern (Pteridium aquilinum 1. Sensitive fern. chain ferns. jewelweed. bed straws. and false nettle occur under variable water regimes. Common greenbriar is paniculary common in the drier wetlands. It is also generally limited to the edges of wener swamps. while bamboo-vine (Smilax iaurifo/ia) occurs frequently in the swamp interior. Other important vines in forested wetlands are poison ivy. Virginia creeper. Japanese honeysuckle. wild grape. and trumpet creeper (Campsis radicans). Bernard ( 1963) described several hardwood swamp communities for Cape May County. while Ehrenfeld and Gulick '( 1981) examined tree and shrub strata in Pine Barrens swamps. Plant community differences between swamps in disturbed and undisturbed areas are discussed by Ehrenfeld ( 1983). Minor vegetation associated with Pine Barrens swamps has also been described (Little 195 I). Other significant studies include Harshberger · ( 19 I 6), McCormick (I 955, 1970b; I 979) and Olsson ( 1979). 
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Table 21. Examples of palustnne forested wetlands in southern New Jersey. 

Dominance Type 
(Water Regime) 

Red Maple 
1 Seasonally Flooded I 

Red Maple! Sweet Gum 
1 Seasonally Flooded) 

:\tlanuc White Cedar 
1 Seasonally Flooded 1 . 

:\tlanuc White Cedar; 
Red \laple 
1 Seasonaily Flooded 1 

Pnch Pine 
1 Seasonally Flooded I 

Red Maple 
1 Temporanly Flooded) 

Red \laple 
'T ~mporanly Flooded I 

White Oak Sweet Gum 
1 Temporanly Flooded I 

Pitch Pine 
1Temporanly Flooded) 

Pitch Pine: Black Gumt 
Red Maple 
t Temporarily Flooded) 

Red Maple/Sweet Gum/ 
Pitch Pine 
(Temporanly Flooded) 

Associated Vegetation 

Trees: Sweet Bay. Black Gum 
Shrubs: Southern Arrowwood. Brambles. Serviceberry. Winterberry 
Herbs: Cinnamon Fern. Thoroughwort. Grasses 

Trees: 
Shrubs: 
Herbs: 

Trees: 
Shrubs: 

Herbs: 

River Birch. Amencan Holly 
Southern Arrowwood. Sweet Pepperbush 
Sensitive Fern. Arrow-leaveu Tearthumb. Smartweeds. Rice Cutgrass. Bedstraw. Jewelweed. St. John's-wort. Arrow Arum. Spotted 
Joe-Pye-weed. False Nettle 

Black Gum 
Fetterbush. Highbush Blueberry. Swamp Azalea. Red Maple. Alder. 
Sweet Pepperbush. Oangleberry. Big Cranberry 
Smartweed. Arrow Arum. Virgmia Conongrass. Sedges. 
Spatulate-leaved Sundew 

Others: Peat Moss and other mosses 

Trees: 
Shrubs: 

Others: 

Trees: 
Shrubs: 
Herbs: 
Others: 

Trees: 
Shrubs: 

Herbs: 

None 
Southern Arrow-wood. Swamp Rose. Sweet Pepperbush. Bayberr~.-. 
Winterberry. Swamp Azalea 
Po1son Ivy 

Red Maple. Atlantic White Cedar. Sweet Bay 
Maleberry. Swamp Azalea. Sweet Pepperbush. Highbush Blueberry 
Cinnamon Fern 
Peat Moss 

Black Gum 
Sweet Pepperbush. Southern Arrowwood. Spicebush. Japanese 
Honeysuckle. Swamp Azalea. Elderberry 
Jewelweed. Spotted Joe-Pye-weed. Sensitive Fern. New York Fern. 
Smartweed. White Grass. Royal Fern. Cinnamon Fern 

Others: Greenbnar. Poison Ivy 

Trees: Sweet Bay. Sweet Gum. White Oak. Red Oak 
Shrubs: American Holly. Sweet Pepperbush. Southern Arrowwood 
Herbs: Cinnamon Fern 
Others: Poison Ivy. Greenbriar 

Trees: Red Maple. Black Cherry. Beech. Sassairas. Ironwood. Swamp 
White Oak. Pin Oak. Shagbark Hickory 

Shrubs: Highbush Blueberry. Southern Arrowwood. Huckleberry 
Herbs: Sedges. Wrinkled Goldenrod. Canada Mayflower 

Trees: Sassafras. Gray Birch. Red Maple 
Shrubs: Highbush Blueberry. Sweet Pepperbush 
Herbs: Virginia Chain F em 
Others: Common Greenbnar 

Trees: 
Shrubs: 

Herbs: 
Others: 

Sweet Bay. Gray Birch 
Sweet Pepperbush. Highbush Blueberry. Sheep Laurel. Swamp 
Azalea. lnkberry. Common Winterberry 
Cinnamon Fern. Bracken Fern 
Greenbriar 

Trees: American Holly. Sassafras. Black Gum. Sweet Bay. Red Oak Shrubs: Highbush Blueberry. Sweet Pepperbush. Swamp Azalea. 
Wintergreen. Partridgeberry. Mountain Laurel 

Herbs: Bracken Fern 
Others: Greenbriar 

Location 

Mercer County 

~-1. 

Cumberland County 

Ocean County 

Burlington County 

Atlanuc County 

Camden County 

.Cape May County 

\fercer County 

Gloucester County <"-

Atlantic County 

Cumberland County 



• lr---------~------------------~ I 

I 

.I 

. I 
:I 

.I 
I 

I 
I 
.I 

I 

' 

"76 

Atlantic white cedar dominates many forested wetlands 
along Pine Barrens watercourses. In general. they form a 
band less than 1.000 feet wide. but some stands exceed 
one mile in width (McCormick 1979). These cedar 
swamps represent only 2% (or 21.450 acres) of the 
Pinelands National Reserve (Roman and Good 1983). 
While the hardwood swamps are largely represented by a 
mixture oi co-dominant trees. many cedar swamps have a 
nearly solid canopy of Atlantic white cedar. This dense 
canopy precludes establishment of a thick shrub layer. 
typical of hardwood swamps. Instead. scattered trees and 
shrubs are found including red maple. sweet bay. black 
gum. sweet pepperbush. fenerbush. highbush blueberry. 
dangleberry. inkberry, and swamp azalea. In more open 
canoptes. these plants and others are more abundant and 
red maple can co-dominate. Herbaceous species are not 
prevalent. but those present include chain ferns. cinnamon 
tern. sedge 1 Carex col/insii 1. bladderworts ( Urricularia 
-;pp. 1. purple pncher plant. sundews. swamp pink !Helonias 
buliara 1. and paruidgeberry ( McComuck 1979: Olsson 
!979 ). Orchids occur in cedar swamps. including dragon's 
mouth IArerhusa bulbosa). swamp pink (Calopogon 
pulcheilus 1. green rein orchid (P/aranrhera claveilara ). 
white fnnged orchid (P. blephariglorris ). and rose pogonia 
1Pogonia ophiogiossoides) (Harshberger 1916 ). Linle 
t 1951) found some emergent plants that were not found in 
hardwoo'ci swamps: rose pogonia. purple pitcher plant. 
round-leaved sundew (Drosera rorundifolia ). starllower 
t T n·emalis borealis) and twining bartonia (Banonia 
pamcuiara 1. In addition. he reported that the rare curly 
grass fern 1 Schi;aea pusil/a) is restricted to cedar swamps. 
\tcConmck 1 1979) observed that this fern is widely 
JIStnbuted throughout cedar forests. Wintergreen 
1 Gaulthena procumbens J occurs on the cedar hummocks 
i Roman and Good 1983 ). Peat mosses cover much of the 
ground. while liverworts and reindeer moss (Cladonia 
incrassara 1 are found on logs and tree bases (Olsson 
19791. Forman 1 1979) noted that bryophyte cover in
creased wnh soil moisture and that cedar swamps had the 
greatest moss coverage of all . Pine Barrens habitats. 
Harshberger 1 1916 ). Little ( 1950). and Givnish ( 1971) 
have examined the ecology of Pine Barrens cedar swamps. 

Pitch pine lowlands are among the driest wetlands in 
southern ~ew Jersey. Although pitch pine dominates 
some seasonally tlooded wetlands. it is most abundant in 
temporarily tlooded situations associated with the season
ally high water table of the Pine Barrens (Figure 34 ). Pitch 
pine lowlands typically represent transitional areas between 
the white cedar and hardwood swamps and the dry upland. 
They comprise about 10% of the Pinelands National 
Reserve t Roman and Good I 983 ). While pitch pine forms 
almost the entire forest canopy. red maple and black gum 
may often be intermixed and sometimes co-dominant 
forming mixed deciduous-evergreen forested wetlands. In 
southernmost areas. sweet gum becomes an imponant 
community component. Other trees are scattered through-

out this lowland complex including Atlantic white cedar. 
sassafras. gray birch. American holly. and willow oak. 
Other oaks. such as scrub oak (Quercus ilicifolia ). may be 
common at drier sites (McCormick 1979). A shrub 
understory may be well developed in pitch pine wetlands. 
McCormick ( 1979) reported more than 20 species of 
shrubs and woody vines. Important shrubs are dangleberry. 
sweet pepperbush. highbush blueberry. swamp azalea . 
sheep laurel, leatherleaf. wintergreen. fetterbush. winter
berry. black huckleberry, dwarf huckleberry. and ink berry. 
Leatherleaf forms a dense low thicket in the wener areas. 
Less common shrubs include staggerbush. mountain laurel. 
alder. serviceberry. southern arrowwood. chokeberry. 
bayberry, and partridgeberry. Common vines are green
briars (Smilax glauca and S. rorund1/olia 1. Herbaceous 
vegetation is variable and may cover 30°to of the ground 
(McCormick 1979). Numerous iems can be found. i.e .. 
bracken. chain. cinnamon. royal and sensitive ferns. Other 
significant emergents include turkeybeard !Xerophyllum 
asphodel aides ).lowland brooms edge. sundews. cowwheat 
(Melampyrum lineare ), sedges and orchids (McCormick 
1979: Olsson 1979). Peat mosses may exist in wener 
depressions. Olsson ( 1979) noted several plants associated 
with recent disturbance: sand myrtle (Leiophyiium buxi
foiium) with drainage. turkey beard with fire. and bracken 
and cinnamon ferns with clearing or burning. 

TI~ER 

Figure 34. Pitch pine occurs in a wide variety of habitats both 
wet and dry. Here it is growing in a seasonally 
flooded wetland. 
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Lacustrine Wetlands 

The Lacustrine System is principally a deepwater habitat system of lakes. reservoirs and deep ponds. Wetlands are generally limited to shallow waters and exposed shorelines like in the Riverine System. While algae are probably more abundant in these waters, the vascular macrophytes are usually more readily observed. A variety of life forms can be recognized. including: ( 1) free-floating plants, (2) rooted vascular floating-leaved plants. ( 3) submergent plants. and ( 4) emergent plants. The first three groups of \·ascular plants form aquatic beds. while the latter represents nonpersistent emergent wetlands. Fairbrothers and Moul I 1965) have discussed the ecology of aquatic vegetation in New Jersey and a list of common aquatic plants is presented as Table 22. 

Lacusrrine Aquaric Beds 

Floating-leaved and free-tloating aquatic beds are common in lacustrine shallow waters. Dominant tloatingleaved spec1es include spatterdock. white water lily. and water shield. Duckweeds ( Lemna spp .. Spirodela polyrhiza. Wo/f]ia spp. and Wo/f]iella spp.) comprise the freefloating beds. Bladderwons ( Urricu/aria spp.) are also free-floating. but are typically submerged. Submergent aquatic beds are less conspicuous. Lacustrine submergent plants include pondweeds. naiads (Najas spp. ). wild celery. waterweeds tElodea spp. ). coontail ( Ceratophyllum demersum1. fanwon (Cabomba caroiiniana). and the algal stonewons (Nirella spp.). 

Soft water lakes with a pH between 6.8 and 7.4 mav be characterized by pondweeds. naiads. wild celery, .and manna grasses ( Glyceria spp. ), with bladderworts. white water lilies and water milfoils (Myn·ophyllum spp.) also abundant. By contrast. hard water lakes (pH 8-8.8) trequently have a border of emergent plants. e.g., cattails. burreeds. bulrushes and common reed (Fairbrothers and \1oul 1965 ). Renlund ( 195 3) noted that many plants such as musk grass ( Chara spp. ). water shield. quill won (lsoetes spp.) and purple loosestrife may be limited to northern and central New Jersey. while others are more frequent in southern and central lakes. e.g., yellow-eyed grass, arrowheads and bladderwons. Purple loosestrife, however, is now abundant in some southern New Jersey marshes ( N. Good. pers. comm.). 

NonpersistenT Emergent Wetlands 

Emergent wetlands frequently form along the shorelines of lakes. Common nonpersistent plants include arrowheads. three-way sedge, spikerushes, pipeworts, burreeds, rushes. smartweeds. manna grasses, pickerelweeds and arrow arum. In addition to these species, persistent plants like cattails. water willow. buttonbush, and leatherleaf may comprise all or part of the lacustrine boundaries. 

ii 

These persistent wetlands, however. fall within the Palustrine System according to Cowardin and others ( 1979) as discussed earlier. 

Rare and Endangered Wetland Plants 
New Jersey is located in a rather unique position along the East Coast which greatly affects its plant associations and diversity. The State includes both the southern limit of the Northern Hardwoods Forest and the nonhero tip of the Southeastern Mixed Forest I Bailey 1978). As a result. a large number of plants occur at the limit of their natural range, with many plants having a quite restricted distribution in New Jersey. In the Pine Barrens alone. I5°·o ofthe flora is composed of plants reaching their northern or southern range limit (McCormick l970b ). Fifty-four species have been identified as threatened or endamzered plants of the Pine lands in the Comprehensive Manage-ment Plan (N.J. Pinelands Commission 1980). 

Although New Jersey does not have an official state list of endangered and threatened plants. a total of 3 38 rare plants were identified for the State in a recent Fish and Wildlife Service sponsored survey (Snyder and Vivian 1981 ). Of these plants. 249 species 1 or 64Dto) grow in wetland or aquatic habitats. Another 7 species may be associated with wetlands. but available habitat information was inconclusive. For additional information. the reader is referred to Snyder and Vivian ( 1981 ). 

To date. onlv one New Jersev plant has been otliciallv listed by the Service as an e~dangered species. und~r protection of the Federal Endangered Species Act. The small-whorled pogonia (/sotria medeoloides 1 is in danger of extinction throughout all or a significant portion of its range. It is typically associated with mixed deciduous upland forest. but is found occasionallv in wetlands along freshwater streams. · -

Interestingly, 23 ofthe 25 plants currentlv under review as being Federally endangered or threat~ned (likely to become endangered within the foreseeable future) throughout all or a significant pan of their range in the United States occur in New Jersey wetlands (Table 23 ). Of these. 15 species are associated with the Pine Barrens. 

Summary 

Plant composition of New Jersey's wetlands is diverse and complex. The State· s geographic position with several physiographic regions found within its borders adds to this natural diversity. At a broad level. major differences can be seen between the estuarine wetlands where salt and brackish emergent marshes predominate and the palustrine 
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Table 22. PlantS of freshwater lakes. ponds and slow moving rivers and streams 1 irom Fairbrothers and Moul 19651. Scientific names are listed as they appeared in this reierence. 

Scientific: Name Common Name 

.1corus calamus Sweet Flag Alisma subcordatum Water Plantam Anachans canadensrs Waterweed 
.1 nachans nuttallii Waterweed Bidens beckii Water Marigold Bidens brdentoides 
Brasenia schreberi Water Shield Cabomba caroliniana Fan wort 
Calamagrostis canadensis Blue)otnt 
Callitnche heterophrlla Water Starwort C ailitn.che rerrestris Water Starwort C.;l/irriche t·ema Water Starv•ort Carex langrnosa Woolly Sedge C ~ratopn rllum demersum Coontatl Cicuta maculata Water Hemlock Cladtum manscordes Twig Rush 

Eieocnans obtusa Spike Rush C/,cena srnata \1anna Grass Hereranthera dubia Water Star Grass }uncus marginatus Rush 
}uncus mrlitan·s Bavonet Rush }uncus repens Rush 
}uncus subtilis Rush 
}uncus pelocarpus Rush 
Lemna mrnor Duckweed 
Lemna perpusilla Duckweed 
Lemna rnsulca Duckweed 
Lemna raldit·iana Duckweed Lobelia cardinalis Cardinal Flower \ /rosoris lax a Forget-me-not _\ft rioph\"1/um humile Water Milfoil .\frnophrilum heteropir1·1/um Water Milfoil .\fn--ioph\"1/um spicatum Water Milfoil Va_ias ;lexilis Bushy Pondweed Sajas grad/lima Bushy Pondweed Sajas guadalupensis Bushy Pondweed .\"uphar ad1·ena Spatterdock Suphar microphyllum Yellow Pond Lily .\"uphar t·an·egarum Yellow Pond L!ly St·mphaea odorata White Water Lily .Vrmphaea ruberosa White Water Lily .Vrmphoides cordata Floating Hean Oronrium aquaricum Golden Club Peltandra rirginica Arrow Arum Ponrederia cordata Pickerelweed Potamogeton crispus Crimped-leaf Pondweed Potamogeton diversifoiius Pondweed 

Potamogeton nodosus Riverweed 

wetlands where forested swamps abound. Even within major vegetative classes of wetlands. significant differences in community structure are observed. These variations are largely due to several factors including water regime (hydrology), soiJ type, human activities (e.g., 

Scientific: Name Common Name 

Potamogeton perfoliatus Pond weed 
Potamogeton pusi/lus Small Pondweed 
Potamogeton robbinsii Pondweed 
Potamogeton spp. Pond weeds 
Proserpinaca palusm·s Mermatd Weed 
Proserpmaca pectinata Mermatd Weed 
Ranunculus aquatilis White Water Cro.,.,1oot Ranuncu/us circinatus Water C rowioot 
Ranuncu/us longirosms White Water Cro-.1oot Sagittana. australis Arrowhead 
Sagiuaria eatoni Arrowhead 
Sagittaria enge/manniana .-\rrowhead 
Sagiuaria latifolia Broad-lea,·ed Arrowhead Sagmaria graminea .-\rrowhead 
Sagiuana ngrda .-\rrowhead 
Sagwana subulata Arrowhead 
Sagwana teres Arrowhead 
Saururus cemuus Lizard"s Tail 
Scirpus acutus Hard-stemmed Bulrush Scirpus americanus Three-square 
Scirpus flu t•iatilis River Bulrush 
Scirpus olneyi Three-square 
Scirpus paludosus Bulrush 
Scirpus smithii Bulrush 
Scirpus subterminalis Swaying Rush 
Scirpus ror-re_,.i Bulrush 
Scirpus t•alidus Soft-stemmed Bulrush Sium sua1·e Water Parsntp 
Spargamum americanum Burreed 
Sparganium eun·carpum Large Burreed 
Spirodela polyrhi:a Big Duckweed 
Ctricu/aria biflora Bladderwort 
Ctricu/ana comuta Bladderwort 
Utricularia fibrosa Bladderwort 
Utricu/aria geminiscapa Bladderwort 
Ctricu/aria gibba Bladderwort 
l.lrricularia i'!/lata Bladderwort 
Ctricularia intermedia Bladderwort 
Uriculana juncea Bladderwort 
Utricularia minor Bladderwort 
Utricularia purpurea Purple Bladderwort Utricularia resuprnata Bladderwort 
Ctricularia 1·ulgaris Bladderwort 
Vallisnen·a americana Wild Celery 
Wolffia spp. Duckweeds 
W o/f!ie/la spp. Duckweeds 
.X)"ris caroliniana Yellow-eyed Grass 
Zizania aquarica Wild Rice 

drainage. timber harvest. filling and water pollution) and natural events like fire. Consequently. a wide variety of wetland plant communities exist within the State and they represent an essential part of its landScape diversity and natural heritage. 
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Table 23. List of New Jersey plants under review for Federal listing as endangered species. Wetland habitats have been identified where 

applicable. 

Occurs in Pine Barrens Scieallfic Name Common Name Wetland Associate Wetland Habitats Ae.rclr_!•noment virginica Sensitive Joint Vetch .4 marcmJhus pumilu.r Sea-beach Pigweed Calarmoviifa brtvipli.r Sand Grass Caldamine /ongii Long's Bitter Cress Calf!% ba17'rlrrii Barrett's Sedge Cara p.ol_vmorpha Variable Sedge EriOIDllllliion parken Parker's Pipewon £ UpJllliO.rium rt.rino.rum Pine Barrens &neset Eupjloibia purpurea Darlington's Spurge GentitUJa autumnali.r Pine Barren Gentian Helonics bu/lara Swamp Pink I soe te:.r retZI!On ii Eaton's Quillwon Junc:u.s caesanensis New Jersey .Rush LobeLia bovkinii Boykin's Lobelia .\ficran.!.hemum mzcranthemoides ~uttall"s Micranthemum .\fuhlvrbe.r:gia rorre.1•ana Torrey·s Muhly .\'anlrec1um amencanum Bog Asphodel Panic.wm hirstzi Hirst's Panzc Grass Poltmron1um ~·ani-brunriae :Jacob's Ladder Rhexia anstosa Awned Meadow Beauty Rh1~ora knieskernii Knieskern's Beaked Rush SchiztJIII14lpusi/la Curly Grass Fern Schwa'Jbea amencana Chaffseed Scirpru iLongii Long's Bulrush TroUDs laxus subspecies laxus Spreading Globe-flower 
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CHAPTER 8. 

New Jersey Wetland Trends 

Introduction 

Althouith conservation-minded government agencies, 
private gr~ups and individuals have recognized the impor
tance of wetlands to fish and wildlife. New Jersey's 
wetlands have been largely viewed as natural lands best 
suited lor conversion to other uses such as agriculture. 
mdustrial sites and residential housing. Many of the 
alternative uses require the physical destruction of wetlands 
and the public values they naturally provide. Other uses 
alter the character or quality of a wetland. but do not 
destrov all of its natural values. For example. diking of 
-:oastal marshes along Delaware Bay for salt hay production 
has disrupted their ecology and estuarine productivity. yet 
these wetlands still provide wildlife habitat and function as 
wetland in other wavs. The following discussion addresses 
factors causing we~land changes and presents available 
information o~ the amount of wetland change in New 
J ersev. For information on national wetland trends. the 
read;r is referred to Wetlands of the United States: 
Current Status and Recent Trends (Tiner 1984 ). 

Forces Changing Wetlands 

Wetlands are a dvnamic environment subject to change 
bv both natural p~ocesses and human actions. These 
f~rces interact to cause wetland gains and losses as well as 
to degrade and improve their quality. In general. the 
o\·erall effect in New Jersey has been a loss and degradation 
of wetlands. Table 25 outlines major causes of wetland 
loss and degradation in the State. 

Table 25. ~1aJor causes of wetland loss and degradation m New 
Jersey 1 adapted from Zinn and Copeland 1982: 
Gossehnk and Baumann 1980). 

Human Threats 

Direct: 

Discharges or matenals (e. g .. pesticides. herbicides. other 
pollutants. nutnent loading irom domestic sewage. urban runotT. 
agncultural runotT. and sediments from dredging and filling. 
agncultural and other land development) mto waters and 
wetlands. 

' Filling for dredged spoil and other solid waste disposal. roads 
and highways. and commerc1ai. residential and industnal 
development. 

3. Dredging and stream chaMelization for navigation channels. 
flood protection. coastal housing developments. and reservoir 
maintenance. 

4. Construction oi dikes. dams. levees and seawalls for nooct 
control. cranberry production. water supply. 1mgauon and 
storm protecuon. 

' Drainatze ror crop production. timber production and mosquito 
control. 

6. Floodiiuz wetlands for creating reservoirs and lakes. 
i Mining ;, wetland soils for sand. gravel. and other matenals. 

Indirect: 

Sediment diversion bv darns. deep channels and other structures. 
Hydrolo[!lc alterauo~s by canals. spoil banks. roads and other 
structures. 
Subsidence due to extraction of ground water. 

Natural Threats: 

Subsidence 1 including natural nse of sea Ieveii. 
Droughts. 

_. ·Hurricanes and other storms. 
4 Eros1on. 
5. Biotic etTects. e.g .. muskrat and snow goose "eat-outs". 

Natural Processes 

Narurhl events influencing wetlands include rising sea 
level. natural succession. the hydrologic cycle. sedimenta
tion. erosion. beaver dam construction and fire. The rise in 
sea level (roughly one foot per century) has the potential to 
both increase wetland acreage by flooding low-lying 
uplands and decrease wetlands through permanent flooding. 
Along the New Jersey coastline. it is allowing estuarine 
wetlands to invade former forested wetlands. Natural 
succession and fire typically change the vegetation of a 
wetland. usually with no net loss or gain in wetland 
acreage. The hydrologic cycle represents the natural cycle 
of wet and dry periods over time. During dry periods. 
wetlands are panicularly vulnerable to drainage and 
tilling. Deposition of water-borne sediments along rivers 
and streams often leads to formation of new wetlands. 
while erosion removes wetland acreage. The activities of 
beavers create or alter wetlands by damming stream 
chaMels. Thus. natural forces act in a variety of ways to 

·create. modify and destroy wetlands. 

Human Actions 

Human actions have a significant impact on wetlands. 
Unfortunately, many human activities are destructive to 
natural wetlands. either by converting them to agricultural 
or other lands or by degrading their quality. Key human 
impacts in New Jersey include drainage for agriculture; 
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channelization for flood control: filling for housing, highway, industry and sanitary landfills: dredging for navigation c~annels. harbors and marinas: reservoir construction: timber harvest: ground-water extraction: and various forms of water pollution and waste disposal. A few human actions do. however. create and preserve wetlands. Construction of farm ponds and in some cases reservoirs may increase wetland acreage. although valuable natural wetlands may be destroyed in the process. Marsh creation and restoration of previously altered wetlands can also be beneficial. Federal and State fish and wildlife agencies have traditionally managed wetlands in New Jersey to improve their value to waterfowl. Wetland protection effons. such as Federal and State wetland regulation programs. serve to help maintain and enhance our Nation· s wetland resources. despite mounting pressures to conven them to other uses. 

Wetl::nd Trends 

Changes in New Jersey's wetlands can be generally divided into two categories: ( I) quantitative changes and ( 2\ qualitative changes. The former represent actual increases or decreases in the amount of wetland. while the latter relate tO quality changes. 

Quantitative Changes 

While some wetlands are created by reservoir. impoundment. and pond construction. beaver activities or other projects. the net effect of these gains is minimal due to the extensive conversion of wetlands to other uses. These other uses mclude cropland. residential housing, commercial and industrial development. and highways. 

Drainage of wetlands for pasturage or crop production has altered many of the State's wetlands. Muckland fanning (e.g .. onions. cabbage and lettuce) in northern New Jersey and blueberry and cranberry cultivation in the Pine Barrens have been panicularly significant uses of wetlands. Other important crops grown in drained wetlands include corn. soybeans. hay. small grains. summer vegetables and sod. Agricultural drainage has affected many types of wetlands. e. g., freshwater tidal marshes (Good. et al 1976: Ferrigno. eta/. 1973). forested wetlands (McCormick 1970: Markley 1979). and freshwater marshes (Jervis 196 3: Robichaud and Buell 1973 ). Counties experiencing significant wetland conversions to agriculture may include Atlantic. Burlington. Hunterdon. Mercer. Middlesex. Monmouth. Ocean. Somerset. Sussex and Warren. Agriculture has been abandoned in manv drained wetlands and these areas have potential for. wetland rehabilitation. Many areas are naturally reverting to woodland and whether they will become forested wetland depends on how permanent the drainage is and on restoration efforts. It is quite possible that many of these 

·-

areas could once again become forested wetlands. In the future. agricultural impacts may be limited to abandoned fanned wetlands. although blueberry cultivation in the Pine Barrens may utilize additional wetland acreage. 
Filling of wetlands is probably the greatest threat to New Jersey's wetlands. Many municipalities outside of the Pinelands Natural Reserve encourage wetland filling by zoning wetlands for residential. commercial or industrial development. Although filling has recently accelerated throughout the State. it is not a new threat to New Jersey wetlands. For example. in the late 1800's la;ge tracts of the Hackensack Meadowlands were drained and then tilled for railroad terminals and factories (Harshberger and Bums 1919). More recently. the Meadowlands have been panly filled for a sports complex and a section oithe New Jersey Turnpike. At one point. tilling in this area was occurring at a rate of 30.000 tons per week (Robichaud and Buell 1973 ). In general. filling ot wetland for industrial and residential uses increased after World War [1. Increasing population raised demand for land for housing and businesses panicularly in nonhern New Jersey and along the Atlantic coast. Urbanization probably took its greatest toll of wetlands in coastal counties and Morris and Middlesex Counties since the 1950's. By contrast. rionheastem counties. i.e .• Bergen. Essex. Hudson. Passaic and Union. probably experienced heaviest losses prior to that time. Interstate highway development. such as Routes 80. 287. and 280. directly impacted many acres of wetlands by filling and by fragmenting large wetland complexes in nonhem New Jersey. This transponation network also spawned accelerated urban development of wetlands in affected areas. Significant wetland losses within the Passaic River Basin have been panly responsible for escalating flood damages (Figure 42). In the central basin alone. nearly half of the wetlands were destroyed between 1940 and 1978 (Photographic Interpretation Corporation 1978). During this period. Passaic County lost 14.5% of its wetland acreage to housing. reservoir construction. and industrial and commercial development (Tiner. et al. 1984). 

Although the Pine Barrens generally have not experienced heavy urbanization like more northern areas. residential developments east of the Garden State Parkway are impacting wetlands ( Andropogon Associates 1980). Lagoonal housing developments in estuarine wetlands often extend into adjacent hardwood swamps. In addition. scanered small-scale developments within the Pine Barrens are having an adverse impact on its wilderness quality. Fragmentation of large wetland complexes and other ecosystems jeopardizes wildlife populations dependent on these large areas. This situation has been occurring throughout New Jersey. 

Other significant adverse direct impacts on wetlands include reservoir and recreational lake construction, and 
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Figure 42. LSDA SCS Increased urban development of wetlands has heightened flood daniages. especially in northern New Jersey commumties. 

channel dredging and associated material disposal (e.g .. 
Atlantic intracoastal waterway and Delaware River). 
\ian-made lakes a'1d reservoirs throughout the State have 
been created from wetlands and adjacent upland. Examples 
<)f former wetlands include Lake Mohawk and Steeny Kill 
Lake in northern New Jersey (Waksman. era/. 1943: 
Niering 1953). In southern areas. abandoned cranberry 
bogs have been cleared and t1ooded. creating residential 
lakes like Presidential Lakes. Lebanon Lakes. and Fawn 
Lake (McCormick 1970). 

Qualitative Changes 

Qualitative changes are often more subtle and more 
difficult to detect at first glance than the effects of filling. 
drainage. and impoundment. These quality-related actions 
include logging operations. direct (point source) discharges 
of industrial wastes and municipal sewage. and indirect 
(non-point source) discharges such as urban and agricul
tural runoff. 

Logging operations in forested wetlands in New Jersey 
may alter the character or plant composition of utilized 
wetlands. Historically. Atlantic white cedar swamps were 

the most extensive forested wetland type in the Pine 
Barrens. but recent logging practices have substantially 
reduced cedar acreage between 1970 and 1979 (N.J. 
Pine lands Commission 1980 ). Select or smaH-tract cuning 
practices have converted many cedar swamps to hardwood 
swamps. 

Water pollution and disposal of hazardous and other 
wastes have degraded many wetlands. Urbanization has 
often increased sedimentation and nutrient levels in streams. 
thereby affecting wetland and aquatic plants and animals 
as well as water quality. In numerous instances. less 
desirable plants. like common reed and purple loosestrife 
have invaded urban wetlands. replacing native species. 
Robichaud and Buell ( 197 3) observed less plants growing 
along the polluted Whippany River than were found on the 
edge of Troy Brook in northern New Jersev. Ehrenfeld 
( 1983) .documented the loss of sensitive Pine Barrens 
plants in developed drainages in southern New Jersey. 
About 25% of the species observed in pristine areas 
disappeared in developed basins. Elevated hydrogen ion 
concentration (pH). resulting from increased nutrients. 
and increased flooding associated with urbanization were 
particular problems for these native species. 

• , 
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Coastal Wetland Losses 

Coasr.a.i wetland losses were tremendous prior to the establishment of the Wetlands Act of 1970 which provided strong control of uses of tidal wetlands. Although most of the Stare·s remaining tidal marshes are in the southern region. northern New Jersey once possessed vast acreages of estuarine marshes. These wetlands were probably the first of the coastal wetlands to be subjected to extensive filling. Their locauon within the New York City metropolitan area. proximity to harbor waters. and the relauve ease of filling these wetlands made them especially vulnerable ro development. As previously mentioned. large areas of the Hackensack Meadowlands were filled in the late I BOO's. Available 1925 soil survey information fornorthem New Jersey {Lee. era/. 1925) identified 31.296 acres of tidal marsh. Approximately 50 years later.less than 8 .. 000 acres remained. amounting to a loss of about 7 5% of these coastal wetlands. Extensive tilling has eliminated most oi nonhem ~ew 1 ersey · s estuarine marshes. especially in Newark. Elizabeth. and Jersey City. 

\1ore recently. development focused on coastal marshes in sou them New Jersey. Between 195 3 and 1973. nearly 25 °'o of lhe State· s tidal marshes were tilled or diked. with heavtest losses in Cumberland. Ocean. Salem. Atlantic. and Cape May Counties (Table 26: F errig:no. et aL 197 3 ). Filling for houses. roads. industry and sanitary landfills had the greatest impact. resulting in a loss of 28.386 acres or I I 0 o oi lhetidal marshes. Dredge and fill developments con\'erted thousands of acres of coastal wetlands to finger canal residential areas (Figure 43 ). Examples of these de\'elopmeniS can be found in Beach Haven West. Forked Ri\·er. Tucke.rron and elsewhere along large coastal bays and bamer 1slands. Filling of freshwater tidal wetlands along the Delaware River and other rivers has extirpated 

or seriously reduced populations of several plants (Ferren and Schuyler 1980). Since the early 1970's. coastal wetland losses have been greatly reduced by the Wetlands Act of 1970 and the Federal Clean Water Act.' Prior to 1970. annual losses averaged 3.200 acres. but since then losses have been reduced to about 50 acres per year (JACA Corporation 1982). 

Statewide Wetland Losses 

Information on statewide wetland losses does not exist. although good data are available on coastal marsh losses ( F errig.no. era/. 197 3 ). Shaw ( 1982) has reponed losses and propcsed developments for some of the larger wetlands in nonhern New Jersey. while Tiner and others I 1984) identified wetland chang:es in Passaic County between 1940 and the mid-1970's .. A comparison between the results of the N a tiona! Wetlands Inventory ( NWn and the Soil Conservation Service· s ( SCS) soil surveys provides an interesting perspective on the State's wetland losses. Such companson does. however. have limitations due to differences in mapping techniques. but it is nonetheless useful for· showing trends. 

Comparing the NWI data with the SCS data for hydric soils; a tremendous difference. amounting to a potential loss of 200.000 wetland acres. was detected. This fig:ure equates io roughly 20% of the State's wetland resources. Moreover. the figure is probably conservative for at least two reasons: ( I ) Essex and Hudson Counties are not mcluded in this number and ( 2) the soil surveys are relatively recent and do not ret1ect the original extent of hydric soils or wetlands. On a county basis. losses were even more startling. Twelve counties may have lost more than 25% of their wetlands (Table 27). with five losing 

Table 26. losses oft1dal marshes berween 1953 and J973(Femgno. e1 a/. !9731. These ligures mclude losses by tilling and impoundment 
.:onstrucuon. 

County 1953 Manb Acreage 1973 Manb Acreap Manb Acreage Lost %Lost Atlanuc 
48.141 43.157 4.984 10.4 

Bergen 
4.986 2.438 2.548 51.1 

Burlington 
8.980 8.428 552 6.1 

~Camden 
553 29 257 46.5 

Cape May 
50.!04. 41.921 8.283 !6.5 

Cumberland 
54.018 43.018 11.000 20.4 

Essex 
613 0 613 !00.0 

...,Gloucester 
7.118 3.674 3.444 48.4 

Hudson 
4.171 1.623 2.548 61.1 

Mercer 
796 796 0 0.0 

Middlesex 
5.355 3.374 1.981 37.0 

Monmouth 
3.811 2.021 1.790 47.0 

Ocean 
37.007 26.078 10.929 29.5 

Salem 
34.877 24.549 10.328 29.6 

Union 
2.420 0 2,420 100.0 

• 
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KANTOR Figure 43. Prior to the 1970's. many estuarine wetlands were tilled for residential housing and other development. Since passage of the Wetlands Act in 1970. losses of tidal marshes have been greatly reduced. 

Table 27. Comparison between NWl results and SCS hydric soil statistics for I 9 counties in New Jersey. excluding Essex and Hudson Counties. Note: NWI statistics do not include flats. aquatic beds. open water, or beach/bars because such areas were not mapped as a soil type by SCS soil surveys. 

SCS Hydric Soils NWI Wetlaads Difference County (acres• (acres• (acres• 
Atlantic 132.920 127.930 4.990 Bergen 8.930 8.882 48 Burlington 114.470 132.804 + 18,334 Camden 24.595 19,727 4.868 ~Cape May 70.800 74.071 + 3.271 Cumberland . 98,400 88.180 10.220 ~Gloucester 45,420 33.569 11.85 I Hunterdon 15.650 4,537 11.113 Mercer 25.883 11.291 14,592 Middlesex 34.160 21.488 - 12.672 Monmouth 56.290 24.676 31.614 Morris 54.069 . 38,481 - 15.587 Ocean 104,630 96,428 - 8.202 Passaic 13,490 4,639 - 8.851 Salem 77.760 56.140 - 21.620 Somerset 15,109 10.558 - 4,551 Sussex 67,670 28,764 - 38.906 Union 

3,530 2.627 903 Warrea 21,760 . 11,680 - 10.080' 
• Increase in wetland highly unlikely, the positive difference is probably related to better resolution (increased detail) ofNW1 and not to a gain in wetland acreage. 

Chaage 

- 4% 
1% 

+ 16%* 
20% 

+ S%* 
10% 

- 26% 
- 71% 
-56% 
- 37% 
-56% 
- 29% 
- 8% 
- 66% 
- 28% 
- 30% 
-57% 
- 26% 
-46% 
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more than half: Hunterdon, Passaic. Mercer. Sussex. and Monmouth. Comparative data suggest a 16% and 5% increase in wetland acreage for Burlington and Cape May Counties. respectively. The positive differences. however. 
prob~bly reflect differences in mapping techniques (i.e .• increased mapping resolution for the wetlands inventory), since there was no reason for such an increase. Despite limitations in comparing actual numbers ofNWI findings with SCS statistics. significant wetland losses undoubtedly took place. Inland wetlands probably accounted for at 
least 80% of all losses. with coastal marshes representing the remainder. 

Future Outlook 

While substantial wetland losses have occurred. wet
lands remain abundant. particularly in southern New Jersey. This may be related to the fact that population growth has focused on a few areas. i.e .. New York metropolitan area. Camden. Trenton and more recently in Ocean County (Robichaud and Buelll973). This growth pattern left many areas in a natural state. 

Future losses in coastal wetlands and in inland wetlands of Pinelands should be significantly reduced through existing laws and regulations. i.e .. Wetlands Act of 1970 and the Pinelands Comprehensive Management Plan (N.J. Pinelands Commission 1980). The Pinelands alone contain about half of the State· s inland wetlands. The fate of the Hackensack Meadowlands lies in the hands of the Hackensack Meadowlands Development Commission. whose prime obJective is promoting economic growth. The Commission· s master plan includes filling 1.196 acres of Hackensack wetlands during the next 20 years (JACA Corporation 1982). 

Many uses of inland wetlands outside of these areas are regulated by the U.S. Army Corps of Engineers through the Clean Water Act of 1977 or in rare instances by local municipalities through wetland protection ordinances. Yet. many inland wetlands outside of the Pinelands are not receiving adequate protection (Figure 44 ). A bill to regulate uses of these freshwater wetlands has been introduced into the State legislature in 1983 and 1984. If this bill or a similar version is passed. tools to better manage New Jersey's inland wetlands will be in place. If 
not. then wetland filling can be expected to continue. with numerous northern New Jersey wetlands destroyed within 
the next I 0 years. Proposed developments already have been planned for all or part of Lee Meadows. Bog and Vly Meadows. Long Meadows. Black Meadows and numerous other wetlands (Shaw 1982). 

Water quality problems will also continue to affect the quality of the State's remaining wetlands. Although 
control of point sources of water pollution. such as 

induStrial effluents and municipal wastewater treaunent plants: is improving the quality of many of New Jersey's waterways. urban and agricultural runoff (non-point sources) continues to degrade water quality. Soil erosion from upland development causes sedimentation and water quality problems for streams and adjacent wetlands. 
Perhaps establishing a buffer zone around wetlands would 
help better maintain the ecological integrity of the State's waters and wetlands. Roman and Good ( 1983) have proposed a buffer zone delineation model to accomplish 
this in the Pinelands and the buffer zone concept has been incorporated into the State's freshwater wetlands protec
tion bill. 

··.-..;.-- ...... ~ ... _- .... ,. 

..:..-

-~ 
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Figure 44. Many freshwater wetlands remain vulnerable to 
development pressures. 

Summary 

Available information on wetland trends for the State suggest that New Jersey may have lost at least 20% of its wetland resources since the mid-1900's. While agriculi.ure may have played the primary role in wetland alteration in in the distant past. the most significant recent cause is urbanization. Filling wetlands for houses. industry. and business offices has been accelerating since the 1950's. 
The Wetlands Act of 1970 in combination with the Federal regulations under Section I 0 of the River and Harbor Act and Section 404 of the Clean Water Act have 
served to protect coastal wetlands. yet inland wetland losses have continued despite Federal jurisdiction (see following chapter for further discussion). In order to 
protect inland wetlands (outside of the Pine lands) and 
their public values. new initiatives must be taken. Strength
ened Federal regulations and a New Jersey bill to regulate 
uses of these wetlands are first steps toward accomplishing 
this goal. 
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CHAPTER 9. 

Wetland Protection 

Introduction 

A variety of techniques are available to protect our 
remainmg wetlands. including land-use regulations. direct 
acquisition. conservation easements. tax incentives. and public education. Kusler ( 1983) descnbes these techniques 
m grear detail in Our National Wetland Heritage - A 
Protection Guidebook. Tabachnik ( 19801 specifically 
addresses protection of New Jerseys inland wetlands. 
Opportunities also exist for private Imuauves by mdividua; landowners. groups. and corporations to help tn conservmg 
our Nation·s wetlands. Private options for lana preserva~ uon are re\·Iewed by Rusmore and others 1 1982 ). 

Wetland Regulation 

Se\·eral Federal and State laws regulate cena..m uses of 
mam :--.;e\\ Jersey wetlands. The more sigmtkant ones 
mclude the River and Harbor Act of 1899 and the Clean \Vater Act of 19i7 at the F ederallevel. At the State level. 
the Wetlands Act of 1970. the Waterfront Development 
law of 19 I 4. the Coastal Area Facility Review Act of JlJ7 3. the Pinelar.ds Protection Act of 1979 and the Flood 
Hazard Area Control Act of 1979 all contribute to 
wetland protection. In addition. Executive Order 1 1 990-"Protection of Wetlands··- requires Federal agencies to 
Je\ elop guidelines to minimize destrucuon and degradation ,_,f \\ euands and to preserve and enhance wetland values. 
1\.e\ points ol these laws are outlined tn Table 28 

The foundauon ofF ederal wetland regulation is Sectior. 10 of the River and Harbor Act and Secuon 404 of the Clean Water Act. Federal permits for many types oi c:onstrucuon m wetlands are required from the U.S. Army 
Corps of Engineers. but normal agricultural and silvicultural activities are exempt from permit requirements. 
The Serv1ce plays an active role in the permit process b) re\·iewmg permit applications and makmg recommenda
uons baseG on env1ronmenta: consiaerauons. under 
authority of the Fish and Wildlife Coordination Act. 
Although the Federal laws m combmauon apply to 
\Jrtually all of the State's wetlands. the U.S. Army Corps· 
of Engineers' 1982 regulations for Section 404 of the 
Clean Water Act reduced its ~tfecuve.ness tor protecting 
wetlands. In panicular. the widespread useof'"nationwide oermits·· and the. lack of strong enforcement were maior 
weak pomts I U.S. Fish and Wildlife Service !984 ). Under the 'nationwide permit system. there is no required 
reponing or monitoring system. consequently there is no 
record of wetland loss and no effort to promott> environ
mental or other public interest concerns. In New Jersey, 

many wetlands lie above designated headwaters or exist in 
isolated basins and were. therefore. not protected under 
the 1982 regulations. Numerous lawsu1ts were filed nationwide against the Corps by concerned em·ironmental 
organizations over the 1982 regulatory changes. Under a 
recent out-of-court settlement agreement (National Wild
life Federation v. Marsh 1. the Corps issued new regulations in October I 984 reoumng closer Federal and State review 
of proposals to till wetlands. Implementation of these new regulations needs to be monitored to assess their etfective
ness of protectmg wetlanas. 

State laws have generally worked well to protect 
wetlands m cenam areas of the State. especially in tidal 
waters and the Pinelands IF igure 45 ). Since ns passage m 
I 970. the Wetlands Act has reduced annual losses of tidal 
wetlands from about 3.200 acres to about 50 acres f J ACA Corporation I 982). Approximately 3.800 acres of tidal 
wetlands in northern New Jersey are regulated under the 
Waterfront Development Act ( M. Hochman. pers. comm. ). 
The Coastal Area Facility Review Act protects wetlands in the des1gnated coastai zone from large facilities s~ch as 
housing developments of 25 or more units. Approximately 
300.000 acres of tTeshwater wetlands are regulated through 
the Plrielands Comprehensive Management Plan. The Flood Hazard Area Control Act has a high potential for 
protecting wetlands from residential and commercial 
developments. Presently. increased attenuon is given in 
prOJect reviews to environmental and t1ood storage values 
of wetlands. The real test of this Act's effectiveness will be 
seen in the tuture 

In addition to these maJor laws. other governmental authonues nave a role in wetland protecuon. The Hacken
sack Meadowlands Development Commission controis the. use of approximately 5.000 acres of wetland In 
Hudson and Bergen Counties. The Delaware River Basin . C ommiss10n has autnonty over wetlands generally 25 
acres or greater in size within the Basin. A comprehensive plan tor water resources development and uses has been 
prepared which specifies an env1ronmenta1 1mpact state
ment requirement for wetiand alterations in these areas 
and a public interest determination. TheN .J. Depanment 
of Environmental Protection has a number of policies and 
programs that heip conserve wetlands besides tne regulatory 
programs mentiOned. One of panicular importance is the 
201 Water Quality Construction Grants Program. This 
program has recentlv become quite effective at deterring 
construction of houses ana other buildings in wetlands. 
Proposed developments are not approved to tie into 
existing Federally-financed sewer lines if wetlands are 
adversely impacted. 

• I 
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General extent of major State wetland protection etTorts. Coastal wetlands are protected under the Wetlands Act of 1970. while 
wetlands within the Pinelands are regulated through the Pinelands Comprehensive Management Plan . 
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Table 28. Summary of primary Federal and State laws relating to wetlands protection m New Jersey. 

Name of Law 

River and Harbor Act 
of 1899 r Secuon I 0 l 

Clean Water Act of 
1977 1 Secuon 404\ 

\1. etlancis -'\ct or Ill~() 

Coastal Area F acliH\' 
Re' tew Act or I '/7 3 

Ptneiand' ProtectiOn 
'\ct Of I <Jill 

Waterfront 
Development Law 
<)f 1914 

Flood Hazard Control 
Act of 1979 

Administering Agency 

C.S. Army Corps 
of Engineers 

C .S. Army Corps of 
Engineers under thetr 
regulauons and 4041 bH I l 
gutdelines del'eloped b\· 
the U.S. Environmental 
Protecuon Agenc' 

~ .J Deoanment <1t 
En,·tronmental Protecuon 

N.J. Department of 
Ennronmental Protecuon 

N J. Pine lands Comrnrssron 
or mumcrpal and county 
governments t upon cemti
cauon oi master plan and 
land use ordrnances 1 

N.J. Department of 
Environmental Protecuon 

N.J. Department of 
Environmental Protecuon 

Types of 
Wetlands Regulated Regulated Activities 

Tidal wetlands below the Structures and; or work 10 or arTecting navtgable 
mean high water mark: waters of t!1e U.S .. including dredgmg and tilling 
nontidal wetlands below 
the ordrnary hrgh water 
mark 

Wetlands that are 
consrdered all waters of 
the L'.S 

Coastal wetlands . .:x
cludmg those wHhm 
JUrtSdiction of Hacken
sack Meadowlands 
Del'elopment Commrs
stonf must appear on tiled 
wetlands maps 1 

Wetlands within the 
detined coastal regton 
and where major f acihues 
are proposed 

All wetlands 1 coastal 
and inland\ and sub
merged lands wtthrn the 
desrgnated Pinelands 

Discharge of dredged or till matenal 

Drain mg. dred~ng. exca\'a!lon or removal of matenals: deposrung. dumpmg or dtschargmg of matenals: ~recuon of structures. or placrng or obstrucuons 

Construction of designated "factliues" tor the tollow10g purposes: electnc power generauon. rood and food byproduct. waste rncrnerauon. paper productron. public facilities and housmg del'elopments t 25 or more units l .. agnchemtcal productron. rnorgam.: acrds and salt manufacture. mrneral products. chemrcal processes. storage. metallurgral processes and mrscellaneous purposes 1 specrtied in the law 1 

.-\11 development 10 wetlands is prohiblled. except as specrtied in Part I - Wetlands · of the Pinelands C omprehensrve ·Management Plan 

Current or former udal Dredgmg: erecuon of structures: landJills wetlands north of the 
Raritan Basin. (excluding 
the Meadowlands 
District 1 and all coastal 
wetlands in the Delaware 
and Raritan River Basins 
not regulated by the 
Wetlands Act 

Wetlands within 
des1gnated lloodways 
and flood fringe 

ConstrUction. rebuilding or repair of strUcture or alterauon within tOO yr. floodplain 

., I 
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~one 'Speciiied 

'.;orma~ liarmmg. silviculture. and ranching 
JCt1VIlte3 IU!\cluding mmor dramagel: mam
renance oi ex1stmg structures: construction or 
mamtenat~ce of farm ponds. irngauon ditches •'r marJ!ir,enance of 1mgat1on ditches: con
structlOI't Oil temporarv sedtmentauon basms: 
'onstr:u::titorn or mamtenance oi iarm roads. forest ~.-.3crs or temoorary mmmg roads 1 wnhm 
~en am -s.oecuicatlons 1 

,-,mtrrr~-e or commerc1ai production or salt na' or ~Wilural crops: acuv1t1es authonzed 
h Dep-t •'I Ennronmental Protecuon. :Satur:u Resour.oe Counctl. ~fosquno Control Com· m1sS1on. D.e,ot. of Health. or any mosquuo 
.:nntroi nr o~iher proJeCt authonzed by pr<>
'1s1ons •"It ·Chap. 'J Title 26 of the Re,·ised Statutes. 

Pro1ecrsnot meeung the defimuon of .. facility .. 

H<>rtl.:ulture of native spectes and berry agTJ
~ulture: Oeoiceepmg: forestry 1 subject to forestry 
r~qu1rerti'C!IIG1t tish and wtldlife management 
1 prm·•deCI no '>11¥Uiicant adverse 1mpacu: hunung_ t1~i':trng. trappmg. hikmg_ boaung. ,w,mmi!!J<: ur stmtlar recreauonal uses: pn,·ate Jocks. piiCI!S.. moonngs and boat launches 1 demons1lr.llill:d need. no Significant impact. conforms u· a'll State and Fed. regs): bridges. roads. traili. and utility transmtssioR!distnbution facilities rsub]ect to specified conditions 1 
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Commenrs 

July 22. 1982 Regulations: U.S. Fish and Wildlife Service and State wlidliie agency revtew perm11 applicauons ror environmental 1m pacts by authonty of the Fish and Wildlife Coordmatlon Act. 

July 22. 1982 Regulations: L .S. Ennronmental Protection AgencY O' crs1ghr: L.S. Fish and Wildlife Ser••ce and State wildlife agency reY1ew proposed work ror ~nnronmental 1mpacts by authomy of the Fish and Wildlife Coordmauon Act. Permits .:annot l'le 1ssued '''lthout State certification that proposed discharge meets State water quail!\ standards. Individual permitS are requtred ior specific work 1n many wetlands: ~eg1onai perm1ts lor ~ertam categones of activiues m specitied geographiC areas: nat1onw1dc oerm11s lor 25 ;pec1tic acuv1t1es and for discharges mto wetlands above headwaters or n.)t pan of~urra~e tnhutarv svstem to mterstate or nav1gable waters of L'. S. State takelwer or oermn program 1S encoura~ed. ~ew regulauons were 1ssued m October I '1~~-

Regulated wetlands are mapped. These regulauons do not oertaln to the Hackensack \feadowlands. DEP issues wetland order to establish wetland protecuon m t:acn county. 

Relates only to maJor facilities or developments withm the defined coastal area. Requ1re~ preparauon of an environmental impact statement. DEP must prepare an mventory of env1ronmental resources 1n the coastal area. develop management strategies and select an appropnate environmental des1gn. 

Public hearmgs held pnor to tinalizmg master plans and land use ordmances. Landowners musi request approval for developments 10 or wHhm 300' of wetlands from Pmelands Commtsston. unless local authority is certified. 

ConstruCilllll!ll.mfsingle family dwelling beyond Regulauons amended in 1980: extends jurisdictions to adjacent upland areas wHhin 500' 
I 00' from mean high ~·ater line: expansiOn of of the waterway. existing sr:ructure beyond I oo· from MHW hne: mmor changes m ex1sting structures: 
navtgation dredging. mstallauon of aids to 
navigauon. en:. 'Dy the L'.S. government 

Recreation. ~culture. soil consef'lation 
prOJects or sunf.lar uses that do not obstruct or mtenstfy tlcoding 

Prohibits: dumping solid wastes. processing. storage and disposal of pesticides. domestic. mdustrial or other hazardous waste matenals; storage of materials and equipment: construction of individual septic systems: erection of structures for humans. livestock or other animals. 
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Recently. there has been· much public concern over inland wetland losses. especially in northern New Jersey. Approximately 300.000 acres of freshwater wetlands rem am largely unprotected by State laws. and Federal regulation does not adequately protect these wetlands. Consequently. State legislators have submitted a bill which expands county government's authority to regulate inland wetlands.lf this bill or a similar version JS passed. the tools will be available to !;letter manage and protect the State·s freshwater wetlands. · 

Wetland Acquisition 

Wetlands may also be protected by direct acquisition or by other techniques such as conservation easements. Many wetlands are owned by public agencies and private en\'Jronrnental organizauons. but the majonty .are pnvately-· owned. 

The Service's National Wildlife Refuge(NWR) System was established to preserve important migratory bird wetlands at strategic locations across the country. Three National Wildlife Refuges (NWR) are located in New Jersey: Great Swamp NWR ( 3.088 wetland acres). Forsythe NWR (Brigantine Division - 18.026 wetland acres: Barnegat Division - 9.2 71 wetland acres). and Supawna Meadows NWR ( 1.390 wetland acres). Great Swamp NWR contains only freshwater wetlands (Figure 46 ). while the others are nearly all estuarine marshes. Military reservations like Fort Dix. Lakehurst and Picatinily Arsenal also encompass considerable wetland acreage. The U.S. Anny Corps of Engineers. New York District is considering acquisition of numerous wetlands in the Passaic River Basin for flood protection. 

The State ofNew Jersey possesses much more wetland acreage than the Federal government. Its wildlife management areas. State parks and State forests contain 

Fiaure 46. Great Swamp National Wildlife Refuge near Basking.Ridge is pan of one of the IL""geSt wetland complexes in northern New Jersey. 
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numerous wetlands. ponds. lakes. and streams. The N.J. Depanrnent of Environmental Protection is actively a.;quiring wetlands in the Pine lands National Reserve. using Federal and State funds. Acquisition etfons have focused on several watersheds including Cedar Creek. Oswego River. and Bass River. The Comprehensive Management Plan for the Pine lands recommends acquisition of I 00.000 acres of land 1 i.e .. upland and wetland). Through the Green Acres Program. additional wetland and upland habitats are acquired for conservation and recreation purposes. This program also pennits acquisition oi conservation easements. County and municipal parks may hold wetlands in public ownership as well. 

Future Actions 

\fany opportuniues are available to both government and the pm·ate sector to halt or slow wetland losses and enhance the quality of the remammg wetlands. Their JOint efforts will detennme the future course of our N auon ·s wetlands. \faJor options have been outlined below. For a more detailed discussiOn. the reader ts referred to Kusler 
1 1978: 1983 l. Tabachnick ( 19801. and Rusmore. era/. 
I J982l. 

Government Options: 

l. De\ elop a consistent public policy to protect wetlands 
of national and state signiftcance. 

, Strengthen Federal. State and local wetland pro~ection. 

' Ensure proper implementation of existing laws and policies through adequate statling. surveillance and enforcement. 

4. Increase wetland acquisition in selected areas. 

.; Remove government subsidies that encourage wetland drainage. 

6. Provide tax and other incentives to private landowners and industry to encourage wetland preservation and remove existing tax beneiits that encourage wetland destruction. 

'. Scrutinize cost-benetlt analyses and justifications for 
flood control projects that involve channelization of 
wetlands and watercourses. 

8. Improve wetland management on publicly owned lands. 

9. Increase the number of marsh creation and restoration projects. especially related to mitigation for un
avoidable wetland losses by government-sponsored 

10-:' 

water resource projects. This should include enhancing existing wetlands by improving local water quality 
and providing butTer zones. 

l 0. Monitor wetland changes especially with reference to effectiveness of State and Federal wetland protection etTons and periodically update the National Wetlands 
Inventory in problem areas. 

ll. Increase public awareness of wetland \·alues and the 
status of wetlands through various media. 

12. Conduct research to increase our knowledge of wetland values and to identify ways of using wetlands that are least disruptive ·to their ecology and publt.; 
values. 

Private Options: 

I. Rather than drain or till wetlands. seek .;ompatible uses of those areas. e.g .. timber har•est. watertowl production. fur harvest. hay and forage. wild rice 
productiOn. hunting leases. etc. 

1 Donate wetlands or funds to purchase wetlands to 
private or public consen·ation agencies. 

3. Maintain wetlands as open space. 

4: Work in concert with government agencies to inform 
the public about wetland values. 

.; Construct ponds in uplands and manage for wetland 
and aquatic species. 

6. Purchase Federal duck stamps to supp!1rt wetland 
acquisition. 

Robichaud and Buell ( 1 9 7 3 l raised four basic questions that are central to the fate of the natural em·ironment: 

"'(I) How much future population growth? 
( 2) What future industrial growth'? 
I 3) How much and what kind of open space? 
( 4) Who plans and controls land use·~ .. 

The eventual answers to these questions will detennine the future quantity and quality of New Jersey's wetlands as well as its other natural resources. Robichaud and Buell also recognized that people must develop a land ethic- an appreciation for the value of land in its natural state. To reach this endpoint. the public must be infonned of the impacts associated with various land uses. For example. they must understand that filling and development of wetlands and floodplains leads directly to downstream flooding problems and to other losses like fish and wildlife habitat. Public education is, therefore. vital to protecting 
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wetlands. Private nonprofit organizations like the Association of New Jersey Environmental Commissions. American Littoral Society. N.J. Conservation Foundation. N.J. Audubon Society and others have made major contributions to educating the public on wetlands and other natural resources. 

Public and private cooperation is needed to secure a promising future for our remaining wetlands. Private corporations are often in a position to work with private nonprotit conservation organizations and government agencies to protect wetlands. In October !983. the American Telephone and Telegraph Company of New J ersev 1 AT & Tl granted a perpetual easement to the Federal government for over 2.400 acres of wetland. adJacent to Forsythe National Wildlife Refuge's Barnegat Division. The area will be managed by the Service for migratory birds. This is an excellent example of private ~a public cooperation to achieve wetland protection goals. Perhaps. private corporations in the State will now follow the AT & T example and begin to seriously consider Jonating wetland holdings to public agencies or nonprotit environmental organizations for conservation purposes. [n ;-.lew Jersev. competition for wetlands is particularly intense between developers and environmental organizations. Ways must be found to achieve economic growth. while minimizing adverse environmental impacts. This is \ ital to preserving wetland values for future generations. 
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Appendix. List of New Jersey Wetland Plants. 

List of plants occurring in New Jersey's wetlands. Scientific names conform with the National List of Scientific Plant Names ( U.S.D.A. Soil Conservation Service 1982). Although this list is comprehensive. it is not e~haustive. yet the majority of plants occurring m wetlands are listed. Sources used to compile this list are cited. 

Scientific Name Plant Common Name Scientific Name Plant Common Name 

Lycopodiaceae 
Tsuga canadensis Hemlock . Lrcopod1um a/opecur01des Clubmoss Larix lancma Larch L1·copod1Um caro/lmanum Clubmoss Pinus ngida Pitch Ptne Lrcopod1um inundatum Clubmoss Pinus strobus White Pme L\·copod1um obscurum Ground-Pine Pinus taeda Loblolly Pine 

Selaginellaceat 
Cupressaceae Selagmella apoda Spikemoss 
Chamaecvpans th.1·oides Atlantic \\/hite Cedar JumjJerus nf¥imana Red Cedar 

Isoetales 
I soetes echinospora Quill won 

Typhaceae lsoetes npana ·QUill won 
T1pha angusti/olia ~arrow-leaved Cattail T1pha laufolia Broad-leaved C atta1l 

Equisetaceae 
Equ1serum ar•ense Horsetail 

S parganiaceat 
£qu1setum fluviatile Horsetail 

Sparganium amencanum Eastern Burreed 
EqUJsetum hremale Horsetail 

Sparganium androcladum Branchmg Burreed 
Equisetum pa/ustre Horsetail 

Sparganium chlorocarpum Green-frun Burreed Oplrioglossaceat Sparganium eurvcarpum Giant Burreed Botn·chtum diSsecrum Grape Fern Sparganium minimum Small Burreed Botn·chtum l'tf¥imanum Grape Fern 
Potamogeronaceae Osmundactat Potamogeton ampftli/olius Pondweed Osmunda ctnnamomea Cinnamon Fern Potamogeron confen·o1des T uckerrnan · s Pondweed Osmunda cia \'tomana Interrupted Fern Potamogeton crispus Curlv Pondweed Osmunda rega/is Royal Fern Potamogeron diversi/olius Watenhread Pondweed 
Potamogeton epih_1·drus Ribbonleai Pondweed Sclri::.aeactat Potamogeton folios us Leafy Pondweed Schr:aea pusilla Curly Grass Fern Potamogeton natans Floatingleat Pondweed 
Potamogeton nodosus Longleai· Pondweed Pol~·podiaceae Potamogeron obtusifolius Bluntleal Pondweed Prendium aqullmum Bracken Fern Potamogeton pectinarus Sago Pondweed .1diantum pedatum Maidenhair Fern Potamogeron pefjoliarus Thorowon Pondweed .Hatteuccra struthioptens Ostrich Fern Potamogeton pusil/us Baby Pondweed Onoclea sensibtlls Sensitive F em Potamogeton robbinsii Robbins Pondweed Woodk•ardia areolata Netted Chain Fern Potamogeron stn'cllfolius Narrowleaf Pondweed Woodwardra vtrgtmca Virginia Chain Fern Rupp1a man·rima Widgeon Grass .1thrrium jiltx-femina Lady Fern Zann{chellia paiustris Horned Pondweed Thelrpten·s no 1•eboracensis New York Fern Zostera marina Eelgrass Theh·prens simulata .\1assachusetts Fern Thelyptens theiypteroides ~arsh Fern .VqjadiJceae Dn·optens cnstata Crested Shield Fern Najas jlexiiis Naiad Dn·opteris margmaiis Marginal Shield Fern .Vajas graCIJJima Naiad Dn•opteris sprnu/osa Spinulose Shield Fern Najas guadaiupensis Naiad Poirstichum acromchoides Christmas Fern 

Ali.rmataceae Salviniaceae 
Alisma pianrago-aquatica Common Waterplamam 

Azoiia caroliniana Mosquito Fern Alisma subcordatum Subcordate Waterplantain 
Sagittari~ caiycina Hooded Arrowhead Pinaceae 
Sagittana engeimanniana Engelmann Arrowhead 

Picea mariana Black Spruce Sagittaria graminea Grassy Arrowhead 
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Scientific Name Plant Common Name Scieatir~e N•- Plant Common Name 
Sagittana lsoeuformis Arrowhead Setaria geniculata Foxtail Grass 
Sagutana latifo/ia Broadleaf Arrowhead Setaria glauca Yellow Foxtail Grass 
Sagurana rigrda Bur Arrowhead Cenchrus tribuloides Sands pur 
Sagittana subulara Owlleaf Arrowhead Andropogon gerardii Big Bluestem Andropogon •·irginicus Lowland Broomsedge 
Hydroclrariraceac 

, .. abbrp•·iarus Elodea canadensrs Waterweed Schizach1·num scopanum Little Bluestem 
Elodea nuual/ii Waterweed Sorghastrum nurans Indian Grass 
~ ·al/isnena americana Wild Celery Coelorachis rogosa Joint Grass Gramineae 

Cypcraccae 
I Puccinellia pal/ida Pale Manna Grass Crperos dentatus Toothleai Flatsedge I Chcena canadensrs Rattlesnake Manna Grass c.peros en·rhrorhizos Redroot Cyperus 

Chcena obrusa Blunt Manna Grass Crperus filicinus '-.;uttaiJ's Cvperus 
Clrceria seprenrrionalis Eastern Manna Grass c_~perus filiculmis Slender Cyperus 
Chcena srn·ara Fowl Manna Grass Crperus odoratus Fragrant Flatsedge I Poa _oalusrns Meadow Grass C1perus O\'Uiaris Pine Barren C yperus 
Poa pra1ens1S Kentucky Bluegrass Crperos polrstach\·os- \1any-splked Flatsedge 
Poa rn•·1ai1S \1eadow Grass C1peros retrofracrus Rough Cyperus 
Dlsnchl1s sp1cara Spike Grass Crperus rerrorsus Cylinder Flatsedge I Cizasmanlfrium iaxum 

c.perus riJ•u/aris :\utgrass 
Dacrrlis glomerara Orchard Grass 

c~perus srngosus Straw-colored Cyperus 
Phragmues aus1raizs Common Reed Dulichium arondinaceum Three-way Sedge 
.-lgroprron repens Wheat Grass Eleocharis acicu/an·s Slender Sp1kerush I 
Ehmus l"lrgLnlCI.IS Wild Rve 

Eleocharis engelmannr Engelmann's Spikerush 
Hoicus iana1us Velvet Grass £/eocharis en·thropoda Creeping Spikerush 
Danthoma sencea 1·. eprlis Wild Oat Grass Eleocharis fallax Creeping Spikerush 
C alamagrosus canadensis BlueJoint £/eoclraris microcarpa Torrey·s Spikerush I 
Calamagrosris cinnoides Hairyseed Reedgrass Eleocharis obtusa Blunt Spikerush 
.igrosm alba Redtop Eleochans oli•·acea Spikerush 
.igrosns scabra Rough Bent Grass Eleocharis o1·ara Ovate Spikerush 
Cinna arondinacea Wood Reedgrass Eleocharis pa/ustris Common Spikerush I 
.i lopecuros prarensrs Meadow Foxtail Eleochan·s pan·ula Dwarf Spikerush 
Phleum pratense Timothy Eleocharis quadrangulara Squarestem Spikerush 
.\fuhlenbergia nlranca Woodland Muhly Eleochan·s robbinsii Trianglestem Spikerush 
.\fuhienbergia 1orreyana . New Jersey Muhly Eleochans rosrellara Beaked Spikerush I 
Spamna a/temiflora Smooth Cordgrass Eleocharis smallii Small's Spikerush 

'Spamna C\'nosuroides Big Cordgrass Eleocharis renuis Slender Spikerush 
Spamna parens Salt Hay Grass Eleocharis rricosrata Three-ribbed Spikerush 
Spamna pec1mara Slough Grass Eleocharis ruberculosa Large Tubercled Spikerush 
.-lnihoxanrhum odorarum Sweet Vernal Grass Fimbrisn·/is castanea Salt Marsh Fimbnstylis I Phalans anmdinacea Reed Canary Grass Fimbristylis aurumna/is Slender Fimbristylis 
Lt?ers1a on·:ordes Rice Cutgrass Scirpus acurus Hardstem Bulrush 
Lt?ersra rrrgrnrca White Grass Scirpus americanus Olney Thsee-square 
Zi:ania aquarica Wild Rice Scirpus arrocincrus Bulrush I Digirana sanguinalis Finger Grass Scirpus atroi•if'Pns Green Bulrush 
Paspalum lae•·e Field Paspalum Scirpus cylindricus Swamp Bulrush 
Pamcum agrosroides Panic Grass Scirpus c)perinus Wool grass 
Panicum amarum Beach Panic Grass Scirpus flu•·iarilis River Bulrush I Panicum drchotomiflorom Fall Panicum Scirpus maririmus Salt Marsh Bulrush 
Panicum longifolium Longleaf Panicum Scirpus microcarpus Panicled Bulrush 
Panicum l'errucosum W any Panicum Scirpus peckii Peck's Bulrush 
Panicum l'irgarum Switchgrass Scirpus pungens Common Three-square I Dichanrhelium acicularae Needle Panicum Scirpus purshianus Weak Bulrush 
Dichanrhelium acuminarum Pacific Panicum Scirpus robusrus Salt Marsh Bulrush 
Dichanthelium clandesrinum Deenongue Scirpus smirhii Bluntscale Bulrush \I Dichanrhelium dichoronum Forked Panicum Scirpus subrerminalis Water Bulrush 
Dichanrhelium larifolium Broad-leaved Panicum Scirpus validus Soft-stemmed Bulrush 
Dichanthe/ium oligosanthes Scribner Panicum En"ophorom renellum Cotton grass 
Dichanthe/ium scopanum Velvet Panicum En"ophorum virginicum Virginia Cottongrass 
Echinochloa crusgalli Barnyard Grass Fuirrma pumila Umbrella-sedge I Echinochloa muricara Barnyard Grass Fuin110 sqUIJrrosa Hairy Umbr~lla-sedge 
Echinochloa wa/reri Walter's Millet Rhynclrospora alba White Bealaush 

I 
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Sciealific Name Plana Common Name Scientific Name Plan& Common Name 

I Rln·nchospora caplteilata False Bog Rush Lemnaceae 
Rh•·nchospora cephaiantha Capitate Beakrush Spirodeia poiyrhlza Big Duckweed Rhrnchospora chaiarocephala Loose-headed Beakrush Lemna minor Duckweed 

I 
Rhrnchospora ji/ifoiia Bristle-leaved Beakrush Lemna perpusliia Duckweed Rhl-nchospora fusca Brown Beakrush Lemna trisuica Star Duckweed Rhvnchospora glomerata Clustered Beakrush Lemna ~·aidiviana Valdivia Duckweed Rhrnchospora gracilenta Slender Beakrush Wo/ffia columbiana Watenneal 

I 
Rh1•nchospora macrostachva Homed Rush Wol.ffie/la floridana Eastern Wolffiella Rhynchospora mlcrocephala Small-headed Beakrush 
Rh•·nchospora oliganrha Few-flowered Beakrush ErioC4ullluae 
Rhnchospora pa/lida Pale Beakrush Eriocauion comprt!ssum Pipewon 

I 
Rh.,·nchospora torrP_\'ana Torrey's Beakrush En·ocaulon decanguiare Ten-angle Pipewon C!adium mariscoides Twigrush Eriocaulon parkeri Parker's Pipewon Sc!eria mrnor Slender Nutrush Eriocaulon septangu/are Pipewon 
Selena renculans Netted Razorsedge 

I 
Selena rnglomerata Whip-grass XyridiJeqe 
Selena remczliata Low Nutgrass Xyris carolinlana Carolina Yellow-eyed Grass Carex alara Wingseed Sedge Xyris difformls Southern Yellow-eyed Grass Carex a/bolurescens Sedge X_1•ris jimuriata Fringed Yellow-eved Grass 

I 
Curex amohzbola Sedge X.•·ris montana Northern Yellow-eyed Grass Carex annecrens Sedge Xvris smailiana Small's Yellow-eyed Grass Carex barrami Sedge Xyris tona Twisted Yellow-eyed Grass Carex bullata Bullsedge 

I 
Carex buxbaumzi Buxbaum Sedge Commelinaceae 
Carex canescens Silvery Sedge Commeiina communis Dayflower 
C a rex collinsii Sedge Commeiina virginica Dayflower 
Carex comosa Longhair Sedge 
C a rex exllis Coast Sedge PontederiaeetJe 

I Carex ;laccosperma Sedge Pontederia cordata PiCkerelweed 
Carex hormathodes Sedge Zostert!lla dubia Water Star-grass 
Carex ho•n'l Howe Sedge Heteranrhera reniformis Roundleaf Mud Plantain 
Carex hrstricina Bonlebrush Sedge 

I Carex inren·or Inland Sedge Junt:~Ueae 
Carex zntumescens Sedge Juncus acuminatus · Tapertip Rush 
Carex /acusrns River Sedge }uncus balticus Baltic Rush 
Carex lanugznosa Wooly Sedge }uncus biflorus Tumtlower Rush 

I Carex lil'lda Livid Sedge Juncus biifonrus Toad Rush 
Carex lonchocarpa Sedge Juncus caesariensis New Jersey Rush 
Carex lupul(formis Hoplike Sedge Juncus canadensis Canada Rush 
Carex lupuiina Hop Sedge Juncus dichotomus Forked Rush 

I Carex norma/is Sedge /uncus effusus Soft Rush Curex paupercula Little Sedge Juncus gerardii Black Grass 
Carex rosrrata Beaked Sedge }uncus marginatus Shore Rush 
C a rex scopana Broom Sedge }uncus miiitaris Bayonet Rush 

I Carex squarrosa Sedge Junc:us nodosus Knoned Rush 
Carex stipata Sawbeak Sedge /uncus pelocarpus Bog Rush 
Carex straminea Sedge Junc:us repens Creeping Rush 
Carex stricto Tussock Sedge /uncus scirpoides Needlepod Rush 

I C a rex rnsperma Threeseeded Sedge Juncus subtilis Creeping Rush 
Carex typhina Sedge Juncus tenuis Poverty Rush 
Carex •·enusta Sedge 
Carex •·esicana Inflated Sedge Liliaceae 

I Carex •·u/pinoidea Fox Sedge Sarthecium americanum Bog Asphodel 
Cart!x .. ·altenana Sedge Toljieldia racemosa False Asphodel 

Xerophy/lum asphodeloides Turkey beard 
Araceae Helonias bu./lata Swamp Pink 

I 
..tn·saema draconrium Jack-in-the-pulpit Amianthium muscaetoxicum Fly-poison 
..tn·saema triphy/Jum Jack-in-the-pulpit Zigadenus leimanrhoides Pine Barren Deathcarnas 
Peltandra •·irginica Arrow Arum Veratrum ••iride False Hellebore 
S.\·mp/ocarpus foetidus Skunk Cabbage Melanthium virginicum Bunchflower 

I 
Calla palustris Wild Calla Allium canadense Wild Garlic 
Acarus calamus Swee& Flag Allium tricoccum Wild Leek 
Orontium aquaticum Golden Club Allium vineale Field Garlic 

I 
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Sdeatif.c Name Plant Commori Name Sciealif.c Name Planr Common Name Lilium canadense Turk's Cap Lily 

.'rf_vricaceae 
Er:rhromum umbilicatum Trout Lily 

.'.fyrica gale Sweet Gale 

:-lsparogus officina/is Aspara!!US 
Jf.1·rica pens_1·lvanica Bayberry 

Smilacrna racemosa False Solomon's Seal Smr/acma stellata False Solomon's Seal Juglandaceae 
1/aianthemum canadense Canada Ma~ilower J uglans cinerea Butternut 

Polrgonarum bijlorum Solomon's Seal 
Juglans nigra Black Walnut 

\feaeoia •·rrginiana Indian Cucumber-root ·Can·a cordiformis Bitternut 

Smrlax giauca 
Greenbnar 

Cary·a o1·ata Shagbark Hickory 

Smrlax heroacea 
Greenbriar Smriax launiolia 
Bamboo-nne 

Betulaceae 
Snwax r01und(f'olia Common Greenbnar Osm·a •·irginiana Hop-humoeam 

5mriax pseudocnina Greeni:lnar 
Carpinus carolinia na lronwon<.J 

Sm:iax "allen· 
Walter's Greenbnar Betula alleghanrensis \elk"' 81rch Betula lenta Sweet Birch 

H aemodoracear 
Betula nigra RJ,·er Brr~h 

Lf,oifwia amencana G<Jid-crest Betula popuiifolia GrJ\ Birch 
Lacnnamnes caroumana Redroot .4./nus rugosa Soeckled Alder .4./nus serru/ata Smootn Alder 
0 io i coreacear 

Fagaceae 

[J; .. '<·urt:·u :dins a Wild Yam 

FafJuS grandifo/ia Beech Quercus alba White Oak 

1 man·/lidat:rar 

Quercus bico/or S.,•amp White Oak 

H: poxrs nrrrula 
Star Gras' 

Quercus falcara Southern Red Oak Quercus rllicifo/ia Scrub Oak 

Jridaceae 

Quercus michauxii Swamp Chestnut Oak 

/nr prrsmanca 
Slender alue Flag 

Quercus mgra Wil!er Oak 

I rrs prez.daconlf Yellow Flag 
Quercus palustris Pin Oak 

Ins rerrtco/or 
Blue Flag 

Quercus phel/os Willow Oak 

Sti: rinclrium anguwfohz.m Blue-eyed Gras~ 
Quercus prinus Chestnut Oak 

S• <:·nncmum arlanncum Blue-e~·ed Grass 
Quercus rubra Red Oak I Orchidat:rae 
l.-1moceae C. pnpedtz.m acaz.ie ~toccassin Flower L'lmus amen·cana -\merrcan Elm 

P!aranrhera blepharrglouis White Fringed Orchrd Umus rubra Slippef",· Elm 
Plaranrhera ctlians Yellow Fnnged Orchid Celtis occidema/is Hackberf",· I P!aranrl!era clare/lata Green Rein Orchid Pluranrhera cnsrata Crested Fringed Orcpid Jfof'tlceae P!uranrnera lacera Ragged Fringed Orchrd .\torus alba White Mulberry 
Pla1anrnera nr•·ea Snowy Orchid I PrJI!Oilla ophiog/ossoides Rose Pogonra Urricaceae C aiopol!on ruberosus Grass Pink L ·rrica dioica Stinging Nettle 
~ re!husa br.Jbosa Arethusa Laporrea canadensis Wood ~eule 
Spiranrhes cernua Nodding Ladies· Tresses Boehmeria cylindrica False Nenle Pilea pumila Clearweed I Spiramht>s praecox Southern Ladies· Tresses 

Lof'tlntltaceae 
Saururacrae 

Phorodendron j1a1·escens ~1istletoe 

Saurorus cemuus Lizard's Tail I 
Sonlllloceae 

Salicacrae 

Comandra umbel/ata Bastard Toad-flax 

Populus deltotdes Cottonwood Populus lrt>muloides Quaking Aspen 
A.ristolocltiaceae I Salix alba 

White Willow 
Asai'Um canadense Wild Ginger 

Salix babl'ionica Weepmg Willow Salix cordata 
Hean-leaved Willow 

Po(vgonaceoe 
Salix discolor 

Pussy Willo"· 
Rumex cnspur Sour Dock I Salix lz.crda 

Shining Willow 
Rumex obrusifo/ius Bitter Dock 

Salix nigra 
Black Willow 

Rumex orbicularus Great Water Dock 

Salix petioltms 
Meadow Willow 

Rumex l'enicillatus Swamp Dock 

Salix rig1da 
Hean-lea\'ed Willow 

Polygonum amphibium Water Knotweed I Salix sericea 
Sil;·y Willow 

Polygonum arifolium Halberd-leaved Teanhumb 
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Scientific Name Plant Common Name Scientific Name Plant Common Name 

I 
Poll'gonum caren C arey·s Smartweed Ranuncu/us bulbosus Bulbous Buttercup 
Polrgonum corn·o!l·u/us Black Bindweed Ranuncuius nmba/an·a Seaside Crowfoot 
Po/ygonum izydropzper Cammon Smanweed Ranuncuius jlabe//aris Yellow Water Crowioot 
Polrgonum in·dropzperozdes \-lild Waterpepper Ranunculus /ongiroscris White Water Crowioot 

I 
Polrgonum iapachzjoiium Smanweed Ranunculus penn·ll·anzcus Bristly Buttercup 
Polrgonum onencale Princess-feather Ranuncu/us pustlius Dwart· Buttercup 
Po/rgonum pennhamcum Pennsylvarua Smartweed Ranuncu/us repens Creepmg Buttercup 
Po/1·gonum persicana Lady's-thumb Ranunculus sceleracus Cursed Crowioot 

I 
Po!rgonum punccacum Water Smanweed Ranuncuius sepcencnonalis Swamp Bunercup 
Po/rgonum ramostssimum Bushy Knotweed Ranuncu/us subrigidus White Water Cro"'1.oot 
Po/rgonum sagwacum .-\rrow-leaved Teanhumb Ranunculus mcophri/us White Water Cro"ioot 
Po/1-gonum scandens False Buckwheat Thalictrum dioicum Early :'>1eadow Rue 

I 
Po/1-gonum ,·r~rnianum \'irgmia Smanweed Thalictrum pubescens Tall ~1eadow Rue 

Clematis 1·irginiana \'irgm's B,,wer 
Chenopodwceae 

Berberidai:eae Chenopodium aibum Lamb's Quarters 
Chenopodium ambros101des \lexrcan Tea Podophrllum pelrarum \Ia\ .-\ppre 

I .~rnolex arenana Seabeach Orach Berbens rhunberg1i Barberr\ 
.~triplex :Jatula \Iarsh Orach 

Jfenispermaceae Saiicomra breeio:·u Glasswon 
.Henispennum canadense \luonseea 

I 
Sulrcomra europaea Giasswon 
S<Jilcomta t·rrgrnrca Perennrai Glass-..on I.Auraceae S :we a a uneans Sea-bhte 

Sassafras albidum Sassafras Suaeda mannma Sea-blite 
Lmdera ben::oin Sprcebush 

I 
Sa/soia i..aii Saltwon 

Cruciferae 
.-t maranthaceae Cakile edencu/a Sea Rocket 
.~maranorus cannabmus Water Hemp Cardamine bulbosa Spring Cress 

I Cardamtne pensril·anica Bitter Cress 
Ph.l'tolaccaceae Cardamine pracensis C uckoo-llower 
Ph :·roiacca amencana Poke-..eed .\'asrurtium officinaie Water Cress 

Rorippa prosrrara Water Cress 

I 
.-ti:oaceae Barbarea 1·ema Early Winter Cress 
.\lollugo n•mctllara Carpetweed Barbarea I'U/garis Wimer Cress 
Sesurrum mannmum Sea Purslane .4.1/ian·a pen.oiara Garlic-mustard 

I 
Portu/acaceae Sarraceniaceae 
Chnronra n~rnrca Spnng Beauty Sarracenia purpurea Pitcher Plant 

C ary·oph.rllaceae Droseraceae 
Stellana longzjolra Chickweed Drosera ;ilifonnis Dew-thread 

I Honkt?n.,·a peplo1des Seabeach Sandwort Drosera inte1'711edia Spatulc.te-lt>al·ed Sundew 
Sagrna decumbens Trailing Pearlwort Drosera linearis Slender-leaved Sunde.,. 

Drosera rorundifolia Round-leaved Sunde.,. 

I 
C eraroph,t-llaceae 

Podosremaceae C eratophdlum demersum Coontail 
Podosremum ceraroph.l'i/um Riverweed 

.\~·mphaeaceae 
Crassulaceae 

I 
Cabomba caroliniana Fan wort Penrhorum sedoides Ditch Stonecrop Brasenra scirreben Water Shield Crasrula aquarica Pygmy-weed .Vuphar iuteum Spatterdock 
.\'rmphaea odorara White Water Lily Stveifragaceae 

I 
s,·mphaea ruberosa Water Lily Saxifraga pensrlranlca Swamp Saxtfrage 

Chrysosplenium americanum Golden Saxifrage Jlagnoliaceae 
/rea l'irgin ica Virginia Sweetspire .\fagnolia nrgmiana Sweet Bay Ribes amen·canum Wild Black Currant 

I 
Liriodendron ru/ipijera Tulip Tree 

Hamamelidaceae Ranuncullrceae Hamamelis rirginiana Witch Hazel Tro/lius laxus Spreading Giobetlower Llquidambar sryractjlua Sweet Gum Copus rrifolia Goidthread 

I Caltha paiusrris Marsh Marigold Platanaceae 
Ranunculus aboni1·us Kidneyleaf Buttercup Platanus occidemalis Sycamore 

I 
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~ Scientific Name 
Plant Common Name 

Scientific: Name Plant Common Name Ro:saua~ 

Polygala venicillata Whorled Milkwon 
I ~ 

Spiraea alba 
Meadowsweet Spiraea lal!folia Meadowsweet 

Eupltorbiae~a~ 

Spiraea tomentosa Steeplebush 
Acalypha virginica Copperleaf 

F ragaria "esc a Woodland Strawberry 
Euphorbia polygonifolia Beach Spurge I Fragaria \'irgintana Common Strawberry Duchesnea indica Indian Strawberry 
Callitrit:ltaeeae 

Porencil/a palustris Marsh Cinquefoil 
Cal/im"che deflexa Water Starwon 

t Geum aleppicum Avens 
Callitriche hereraphyl/a Larger Water Starwon I Geum canadense White Avens 
Cal/irriche stagnalis Green Water Starwon 

Geum laciniarum Avens Rubus alleghemensis Allegheny Blackberry 
Limnanrltaeeae 

Rubus argurus 
Tall Raspberry 

Floerka proserpinacotdes False Mermaid I Rubus hlspidus Running Dewberry Rubus occrdenralis Black Raspberry 
A naeardiauae 

Agrimonia gr\'posepa/a Ag.nmony 
Toxicodendron radicans Poison h·y 

.-tgrimonia pan·iflora Ag.nmony 
Toxicodendron vernix Poison Sumac I Sangursorba canadensis American Burnet Rosa multiflora Rose 
.4 q uifoliaeeae 

Rosa palusrns Swamp Rose 
1/e:c glabra Ink berry 

I 
Rosa rugosa 

Seaside Rose 
!lex laevtgara Smooth Winterberry I Rosa l'lrgtmana Rose 
flex opaca Amencan ·Holly 

Prunus pensl'iranrca Pin Chern· 
flex \'l!rtlci//ara Winterberry 

Prunus serorma Black Cherry 
.Vemopanthus mucronatus Mountain Holly 

Prunus 1·irgznlana Choke-cheiT\· I .4ronla arbu11joha Ked Chokeben:• 
CelGScraeeae 

.-tronla melanocarpa Black ChokebeiT\· 
Ce/ascrus scandens Bittersweet 

Amelanchrer arborea Shadbush A.melanchier barrramlana Bartram· s ServicebeiT\' 
Scaphyleaeeae I 

Amelancluer canadensis Canada Serviceberry 
Scaphy/ea trifolia Bladdernut 

Amelanchier intermedla Shadbush 

I 
Aetrat:tat 

\ 

Caesalpiniaceae 

Acer negundo Box Elder I 
Cassra fascrcu/ata Partndge Pea 

.4cer rubrum Red Maple 
l 

Cassia manlandica Wild Senna 
Acer sacclrarinum Silver Maple • 

Leguminorae 

Balsaminaeeae I 
Trifolium prarense Red Clover 

Impatiens capensis Jewelweed 

.\fe/1/orus alba White Sweet Clover 
Impatiens pal/ida Pale Touch-me-not 

.\felilorus oj}iclnalis Yellow Sweet Clover Desmodium canadense Tick-trifoil 
VitacttJI 

Desmodrum panicularum Tick-trifoil 
Viris riparia Riverbank Grape 

I Aesclrrnomene \'irginica Sensitive Joint Vetch 
Parrhenocissus qumquejolia Virginia Creeper 

Srrophostl'ies hell·eola Beach Pea A mphicarpaea bracteata Hog Peanut 
Tiliaeeae 
Tilia americana Basswood 

I Oxalidaceae 
O:calis sm·cra 

Wood Sorrel 
Malvaeeae 
Kosreletzk.\·a virgimca Seaside Mallow 

Geraniaeea~ 

Hibiscus mosc:heucos Rose Mallow 
I Geranium macuiacum Wild Geranium 

H_vpericaceae 
Linaceae 

Hypericum adpressum Shore St. John's-won 

Linum stnatum Flax 
H.vpericum boreale Nonhem St. John's-won 

I Linum virginianum Flax 
Hypericum canadense Canada St. John's-won Hypericum densijlorum Dense St. John's-won 

Po/ygalaceae 

Hypericum denticulacum Coppery St. John·s-won 

Polyga/a bre\·ifolia Shan-leaved Milkwon 
Hypen·cum mutilum Dwarf St. John's-won 

I Polygala cruciata Cross-leaved Milkwon 
Hypericum punctacum Spotted St. John·s-won 

Pol,~·gala lucea 
Yellow Milkwon 

Tn.adenum virginicum Marsh St. John's-wort 

Polygala nuual/ii Nuttall's Milkwon Po/ygaia sanguinea Purple Milkwon 
Elllli~taccue I Elatint minima Waterwon 

I 
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Scicatific Name Plant Common Name Sciealific Name Plant Common Name 

I 
Vio/acrae Oxypo/is ngidior StilT Cowbane 
l'iola blanda Sweet White Violet Eryngium aquaticum Eryngium 

I l'iola conspersa American Dog Violet 
Viola cucuilara Marsh Blue Violet Cornaceae 
l'iola lanceolara Lance-leaved Violet Comus amomum Silky Dogwood 
l'io/a pal/ens :--rorthem Blue Violet Comusfoemrna Gray Dogwood 

I l'iola papiiionacea Common Blue Violet Comus stolonrfera Red Osier Dogwood 
Viola primulrfolia Primrose-leaved Violet Syssa syll·atica Black Gum 
l'iola smora Cream Violet 

C/ethraceae 

I Lythracrae Clethra alnifolia Sweet Pepperbush 
Rota/a ramosror Toothcup 
Decodon \'erticiiiarus Water Willow Ericaceae 
Lnhrum lineare Loosestnfe .Honotropa uniflora Indian Pipe 

I Lrthrum salicaria Purple Loosestrife Rhododendron maximum Rose Bay 
Rhododendron periclymenoides Pinkstertlower 

.Helasromaraceae Rhododendron \'iscosum Swamp Azalea 
Rhexza manana \1eadow Beauty Leioph_\·1/um buxzfolium Sand Myrtle 

I 
Rhexza nrgznzca \1eadow Beauty Kalmia angusrifolia Sheep· Laurel 

Kalmia larifolia \tountam Laurel 
Onaflraceae Kalmia poiifo/ia Bog Laurel 
Lud>ngza a/temifoiia Seed-box Leucothoe racemosa Fetterbush 

I 
Lud.,..rgia hirtella Spindle-root Andromeda glaucophylla Bog Rosemary 
Lud.,..·zgza lineans :--rarrowleaf Seed-box Lronia ligustrina Maleberry 
Lud .... ·rgza palusrris Water Purslane L\·onia man·ana Staggerbush 
Lud .... ·igza sphaerocarpa Spherical-fruited Seed-box Chamaedaphne calycu/ata Leatherleaf 

I 
Epilobium angustifo/ium Fireweed Gautheria procumbens Wintergreen 
Epi/obium ci/iatum Hairy Willowherb Gaylussacia baccata Black Huckleberry 
Epilobium colorarum Purpleleaf Willowherb Gay/ussacia dumosa Dwarf Huckleberry 
Epi/obzum hirsutum Hatry Willowherb Ga.\•/ussacia frondosa Dangle berry 

I 
Oenorhera biennis Evening Primrose Vaccinium caesariense New Jersey Blueberry 
Oenothera fruricosa Sundrops Vaccinium cespitosum Dwarf Bilberry 
Oenorhera humifusa Seabeach Evening Primrose Vaccinium corymbosum Highbush Blueberry 
Oenozhera perennis Evenmg Primrose Vaccinium macrocarpon Big Cranberry 

I 
Circaea lutetiana Enchanter's Nightshade ~ ·accinium oxvcoccos Small Cranberry 

Vaccinium pa//idum Blueberry 
Halorrhagidaceae 
.\frriophy//um heterophd/um Variableleaf Water Milfoil Primu/aeeae 

I 
.\lrnophy//um humile Lowly Water Milfoil L.\'Simachia ciliata Fringed Loosestrife 
.\f.rriophy//um spicatum Common Water Milfoil Lysimachia hybrida Loosestnfe 
.\fyrioph•·llum renellum Water Milfoil Lysimachia nummularia Moneywort 
Proserprnaca palusrns Marsh Mermazdweed Lysimachia quadrifolia Whorled Loosestrife 

I 
Proserpznaca pectinata Cutleai Mermazdweed Lysimachia rerrestris Swamp Candles 

Lysimachia thyrsiflora Tufted Loosestrife 
.4 ra/iaeeae Lysimachia vulgaris Garden Loosestrife 
.4 ralia spinosa Hercules· Club Trienralis borealis Starflower 

I Vmbelliferae Plumbaginaceae 
Hydrocoryle americana Water Pennywort Limonium carolinianum Sea Lavender 
Hydrocotl'ie umbeliata Water PeMywort Limunium nashii Sea Lavender 
Sanicula gregoria Sanicle 

I Sanicuia manlandica Black Snakeroot Ebenaceae 
Cryproraenia canadenszs Honewort Diospyros virginiana Persimmon 
Osmorhiza clayroni Sweet Cicely 
Zizia aurea Golden Alexanders 0/eaeeae 

I Conium macuiarum Poison Hemlock Fraxinus americana White Ash 
Sium suave Water Parsnip Fraxinus pennsylvanica Green Ash 
Cicuta bulbifera Water Hemlock Ligustrum vulgare Privet 
Cicuta macuiata Water Hemlock 

I Liiaeopsis chinensis Eastern Lilaeopsis Gt111i1111aceae 
Ptilimnium capiilaceum Mock Bishopweed Sabaria difformis Marsh Pink 
Angelica arropurpurea Angelica SabGria dodecandra Marsh Pink 

I 
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Scieatinc Name Plant Common Name Scieatifk: Name Plant Common Name I Sabatia steilaris Marsh Pink 
Lindernia dubia False Pimpernel 

Genriana aurumnalis Pine Barren Gentian Hemianrhus micranrhemoities Nuttall's Micranthemum I 
I 

Gennana saponana Soapwort Gentian 
Limosella aquatica Mud-wort 

Genrianopsis cn·nita Fringed Gentian Limosella subulata Mud-wort 
Banonia paniculata Twining Bartonia Chelone glabra Turtlehead 
Banonia virginica Banonia 

Penstemon digiUJiis Beard-tongue 
Men.vanthes trijoliata Buckbean 

Veranicasl11.1m virginicum Culver's Root 
Nymphoities aquatica Big Floating Hean Veronica sc:utel/ata Marsh Speedwell 
Nymphoities cordata Little Floating Hean Agalinis maritima Seaside Gerardia 

I Agalinis purpuf'PQ Purple Gerardia 
.4pocynaceae 

Schwalbea americana ChaiT seed 
Apocynum cannabinum Indian Hemp Dogbane Melampyrum lineare Cowwheat 

I 
AsclepiluJGceae 

BigiiDIIiiiCeae 
Asclepias incarnata Swamp Milkweed 

Campsis radicans Trumpet Creeper 
Ascleptas lanceolata Milkweed 

Catalpa speciosa Catalpa 
Asclepias rubra Milkweed 

Conophoiis americana Squaw-root 
Asclepias synaca Milkweed 

I 
I 

Convoivuiaceae Lentibulllriilcue 
Urn'cuiaria bijlora Bladderwort 

Convolvulus septum Hedge Bindweed 
Utricuiaria cornuta Homed Bladderwort 

Cuscura compacta Dodder 
Utricuiaria fibrosa Fiberous Bladderwort 

Cuscuta gronovii Swamp Dodder 
Utricuiaria geminiscapa Hidden-flower Bladderwort Hydroph_vilaceae Utriculana gibba Humped Bladderwort Utricuiaria irlflata Floating Bladderwort 

Hytirophyllum virginianum Virginia Waterleaf 
Utricularia inrermetiia Flat-leaved Bladderwort I 

I 

Boragi11aceae Utricuiaria juncea Rush Bladderwort Utric:ularia macrorhiza Common Bladderwort 

Myosotis laxo Forget-me-not 
Utricularia minor Lesser Bladderwort 

Jfyosons scorpioities True Forget-me-not 
Urricularia purpurea Purple Bladderwort 

Hackelia virginiana Stickseed 
Utric:ularia resupinata Lavender Bladderwort 

.\1enens1a virgtnica Bluebell 
Utriculan·a subuiara Zigzag Bladderwort Verbenaceae 

~ 'erbena has rata Blue Vervain Plantaginaceae I Verbena urricifolia White Vervain Plantago lanceolara Plantain 
LAbilltGe 

RubitJCeae 

I 
Teucrium canadense Germander Mirchella repens Panridge-berry Scutellan·a galen·culara Common Skullcap Cepllllianrhus occidenralis Buttonbush Scutellaria integrifolia Hyssop Skullcap Galium asprel/um Rough Bedstraw Scutellaria lareri/lora Mad-dog Skullcap Galium rinctorium Dye Bedstraw Prunella vulgaris Self-heal 

I Srachys palustris Woundwort Caprifolillceae Stachys renuifolia Hedge Nettle Viburnum acerifolium Dockmaclcie Pycnanrhemum muricum Mountain Mint Viburnum cassinoides Withe-rod Pycnanrhemum virginianum Virginia Basil Viburnum denrarum Southern Arrowwood I L.vcopus amencanus Water Horehound Viburnum lenrago Nannyberry Lycopus amplecrens Water Horehound Viburnum nudum Possumhaw Lycopus uniflorus One-flower Bugleweed Viburnum opuius Highbush Cranberry 
Lycopus virginicus Bugleweed Viburnum prunifolium Black Haw I 
.\1enrha arvensis Wild Mint Viburnum recognirum Northern Arrowwood 
Collinsonia canadensis Horse-balm Sambucus canadensis Common Elderberry Loni~ra japonica Japanese Honeysuckle 
SolQIIQceae 

Symphoricarpos a/bus Snow berry I 
I 

Solanum dulcamara Nightshade 

CucurbiiiJc:qe ScrophuloritJCeae 
Echinocystis lobara Prickly Cucumber 

Granola aurea Hedge Hyssop Sicyos angulllrus Bur Cucumber 
Grariola neglecra Hedge Hyssop Gratiola virginillna Hedge Hyssop c..,....-... Mimulus ringens Square-stemmed Monkeyflower Campanul4 aparinoiths Marsh Bellflower 

I 
\.__ 
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Scientific Name 

IAbeliQceae 
Lobelia canbyi 
Lobelia cardinalis 
Lobelia nuuallii 
Lobelia puberula 
Lobelia siphilitica 
Lobelia spicata 

Compositae 
Helianrhus angustifolius 
Helianrhus decapetalus 
Helianthus giganreus 
Helianrhus tuberosa 
Ec/ipta alba 
Rudbeckia hina 
Rudbeckia lacimata 
Helenium autumnale 
Helenium ]1exuosum 
Bidens bidentoides 
Bidens cemua 
Bidens connata 
Bidens coronata 
Bidens discoidea 
Bidens frondosa 
Bidens lae1·is 
Coreopsis rosea 
Iva frutescens 
Ambrosia anemisijolia 
Ambrosia trr/ida 
Xanrhium srrumarium 
Achillea millefolium 
Chr•;sanrhemum leucanrhemum 
E rechwes hierocifolia 
Tusszlago farfara 
Heterotheca mariana 
Solidago canadensis 
Solidago elliomi 
Solidago elongata 
Solidago fistulosa 
Solidago gigantea 
Solidago parula 
Solidago rugosa 
Solidago sempervzrens 
Solidago ulzginosa 
Euthamia galetorum 
Euthamia graminifolia 
Aster dumosus 
Aster ericoides 
Aster lateriflorus 
Aster nemoralis 
Aster novae-angliae 
Aster novi-belgii 
Aster puniceus 
Aster simplex 
Aster spectabilis 
Aster subulatus 
Aster tenuifolius 
Aster umbellatus 
Aster vimineus 
Boltonia asteroides 
Erigeron annuus 
Baccharis ha/imifolia 

Plant Common Name 

Lobelia 
Cardinal-flower 
Lobelia 
Downy Lobelia 
Great Lobelia 
Pale Spike Lobelia 

Swamp Sunflower 
Sunflower 
Giant Sunflower 
Jerusalem Artichoke 
Y erba-de-taJO 
Rough Coneflower 
Cutleaf Coneflower 
Sneezeweed 
Sneezeweed 
Swamp Beggar-ticks 
Nodding Beggar-ucks 
Swamp Beggar-til:kS 
Tickseed Sunflower 
Discoid Beggar-ticks 
Beggar-ticks 
Bur Marigold 
Tickseed 
High-tide Bush 
Common Ragweed 
Giant Ragweed 
Cockebur 
Yarrow 
Ox-eye Daisy 
Fireweed 
Coltsfoot 
Golden Aster 
Can ada Goldenrod 
Elliott's Goldenrod 
Creek Goldenrod 
Pine Barren Goldenrod 
Late Goldenrod 
Downy Goldenrod 
Wrinkled Goldenrod 
Seaside Goldenrod 
Bog Goldenrod 
N arTOW-Ieaved Goldenrod 
Grass-leaved Goldenrod 
Bushy Aster 
Heath Aster 
Calico Aster 
Bog Aster 
New England Aster 
New York Aster 
Swamp Aster 
Lowland White Aster 
Aster 
Annual Salt Marsh Aster 
Perennial Salt Marsh Aster 
Flattop Aster 
Fairy Aster 
Boltonia 
Daisy Fleabane 
Sea Mynle 

Scientific Name 

Pluchea camphorata 
P/uchea odorata 
Pluchea purpuracens 
Sc/erolepis uniflora 
Eupatoriadelphus dubius 
Eupatoriadelphus ./istulosus 
Eupatoriadelphus maculatus 
Eupatoriadelphus purpureus 
Eupatorium album 
Eupatorium leucolepis 
Eupatorium pelfoliatum 
Eupatorium pilosum 
Eupatorium resinosum 
Eupatorium rotundifolium 
Eupatorium serotinum 
Mikania scandens 
Liatris spicata 
Vernonia noveboracensis 
Cirsium arvense 
Cirsium discolor 
Cirsium horridulum 
Prenanthes alba 
Prenanthes trifoliolata 
Lactuca biennis 
Lactuca canadensis 
Tragopogon porrifo/ius 

Sources-

Arsenault ( 1981 ) 
Bernard ( 1963) 
Buell and Wistendahl ( 1955) 
Ehrenfeld and Gulick ( 1981) 
F airbrothers and Maul ( 1965) 
Ferren I 1975) 
Ferren, eta/. ( 1981) 
Ferren and Schuyler ( 1980) 
Good (1965) 
Good and Good (1974) 
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Plant Common Name 

Camphorweed 
Marsh Fleabane 
Marsh Fleabane 

Joe-Pye-weed 
Joe-Pye-weed 
Spotted Joe-Pye-weed. 
Purple Joe-Pye-weed 
Thoroughwort 
White-bracted Thoroughwort 
Boneset 
Hairy Thoroughwort 
Resin Boneset 
Roundleaf Joe-Pye-weed 
Late Eupatorium 
Climbing Hempweed 
Blazing Star 
New York Ironweed 
Can ad ian Thistle 
Thistle 
Plumeless Thistle 
Rattlesnake-root 
Gall-of-the-earth 
Wild Lettuce 
Canada Lettuce 
Salsify 

Good. eta/. ( 1975) 
Harshberger(l900. 1902.1909. 1916) 
Harshberger and Bums ( I 919) 
Jervis ( 1963) 
Little ( 195 I ) 
Martin (1959) 
McConnick ( 1970, 1979) 
McConnick and Ashbaugh ( 1972) 
Montgomery and Fairbrothers ( 1963) 
Niering (1953) 
Olsson ( 1979) 
Renlund (195 3) 
Sipple ( 1971) 
Small and Martin ( 1958) 
Tmer ( 1979) 
Van Vechten and Buell ( 1959) 
Whigham and Simpson ( 1978) 
Wistendahl ( 1958) 

• see Chapter 6 for references. 
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CLP 
(A) (B) (C) 

Sample Concen- RAS Analysis 
Sample Dascrip- tratlon 
Number lion l=low Total 

(From labels) i:''Q M=med Metals Cyanide 
H=hlgh 

EPA Fun 8UQ:1 (8-88) Replaces EPA Form 2075-6, which may be used. 

(D) 

Special 
Handling 

Double volume required lor matrix 
spike/duplicate aqueous sample. 

1. Surface Water 
2. Ground Water 
3. Leachate 
4. Rinsate 
5. Soil/Sediment 

Ship medium and high concentration 
samples In paint cans. 

6. 011 (SAS) 
7. Waste (SAS) 
8. Other (SAS) (Specify) 

See reverse for additional instructions. 

(E) 

Station 
Location 

(F) 
Oatemmeof 

Sample 
Collection 

(G) 
Corresponding 

Organic 
Sample 
Number 

GrMn ·SilO Copr Copy White- Lllb Copr for Retum to~ l1tllow- Lllb Copr 



...._~ lr'A- ~·;;,;za-w~;~·~-.>•J& L li&l!Jc 1 !&Ptrt-
~. 703-557-2490 FTS 59-2490 • (For CLP Ust1 Only} _ 

1!-9'~ ,..~~--

\.. .. 

1. 1yPo d lctivlty (Checlc one) · · 2. Region Nwnber tu7'ing Co. 
•z.iz~JW'I11oi~1 ~ 5. Sample Deecltplion (Enter In Cdumn A) 

- ENF r-~ ,...- ~ BSTSI L USFXI - ·- _RA S1 
1. Surface Waler ER jo&M RD ST Other (Specify} Sampler,J c.rier 

:- ESI r-- PA -- RlfS r-- STPA J.tJUcr /11.:1: FOSS. Feb-£}( 2. Ground Waler 
3. l.eachal8 Non-Supeffund Program 3. Ship TO: Triple volume l'aquired for malrix 4. Rinsato V ciDPieA }1D~ET-r.r epilla/duplicallll aqueous sample. 5. S:>tl/Sedlment SitaName - II! ~If rl! cae?. 8. 011 (SAS) FL A6r~ X AJC!. 100 DEAJCJ KIJ/WSS f..):J~,_ Ship medium and high COIQiilbatioo 
7. Wasta (SAS) 

&Ltfl14/tJ/ 1 A/:J SilaS.,. tO 
~-r~ywn. PAI!k:.. samples in painl cana. 

8. Other (SAS) {Specify) 
~/?lAB AJ1'5ETT1 Ar tJZftl See nMir.il8 for acldilioiiBIInlllructions. 

CLP ~ cJ!... (C) CD) (E) (F) (G) 

Sample Deac:rip- lnilion 
RAS~ DaleiTimed COiiespoidilg 

Special Slalion Sample 
Number lion QP liiCIIp~ L•low Past/ lt&lidllg Locallon Coledion (Frmi labels) 1!0 M=med ~ BNA SaqJie 

H·~ PCB 
ffunDir ' . 

E~£: 0~ 5' L. X X K lkllx -til zh.,ltl 1019 HBFQ Ol 
f)S ~ l i>< K IY ,JJ,Ju~ (,1_ I~ ~ 

()" £'_ L.. ~ X X S3 llz5 03 
_122 -~ L. X --

$'/ 112; "<{ X :X 1--

ot !) 1.- )< X x- !>~ 11'15 05' 
eFt !:"" t-. >< I~ x- 'S{, llfi IJb 
10 5" t.. X >< )( ~7 1'2-1~ {)7 ,, 5" L.. )5_ X )<. ~~ 10'10 ()(_ 

iZ. 5' L X X lX"" 6~ /b.t;/ tn 
12 !) /....... X X X StO I I oo LO 
JL/ 4 t- )C. X X BD.JL ltml Jh~~ Li 
15' .'-f 1-. ')( X )( ~~OtJ& R1=/Jt. 1oa 12 

,~ /J)__ l[ I~ X >< 2S AlJ~t~ \If l.-nJ~ 'J I Z.Vtl'. ' 13 

~ - ... -
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l 
Tf. ENCLOSED 

Nn•• nf Unit en~ A~~rnlll 

N••t.er 

CHAIN OF CUSTODY RECORD 

INVIIONMINTAL PIOTicnON AGENCY - IIOION II 

Environmental Serviees Division 
EDISON, NEW JIISEY 01117 

t~!J~ CorporaT. 1 or, 
, C;9C: r-. i r.g Gec-r~?es Post Road 
Suit.e , , 03 
Ech son. NJ 08837 

02-9011-2:? 

s •• .,t. •• Deecrt~•• el l••~tl•• 
Nu•lo•r ~entelnen 

::;~~c:.~ ~ 
-- ~ ..:-4!_· rnl ·nais. 1-8 oz . )ar, lo\01 concentration soi 1 

E:;l-i~O~ r.; 4--40 mi via is, 2-8 oz. jars, low concentration soi 1 MS/MSD 
<31-i EC:6 ., 2- 4(.1 m1 

. , 
1-8 oz. jar. low concentration soi 1 ··' v1a.s. 

~.-:EC; " ~-~0 'll l viais, 1-8 o::. jar, 1ow concen-r:.ra-;~on soil 
3~iE 06 ,· 2- .:.l(l rrtl v1als, 1-8 oz. Jar, low concentrat:on soi 1 
S~EC•9 

.., 
2-4(. m·. v1a":s, ~-B oz . jar. low.~oAc~ntration soi 1 .J 

i:<'"' E 1 •) ~ 2-40 l':'ll v~als, 1-8 oz. Jar, low·6oncentration soi 1 
51-1 E: i 1 ~. ?-4(: ml vials. ·' 1-8 oz. Jar, low concP.ntration soil 
::· '-1 E ~ :: .:;. ~~-t.c ml v 1 E: 1 S, 1-8 oz . jar, low concentrat1on soil 
5HE13 3 2-40 ml vials, 1-8 oz. jar, low concentrat1on soil 

•, 

A': .-: ... .:,.:, 
~ ··- ~ ·11/J 

1/illli// < '~ ""' ~ Tl•• ~7h~ 
_,._ ............ _..Wiley ... -~ 

IZft&, WT!...LIAM ·-'. FOSS ·v '\_ 1 ~ ~ 

'•••I• lelinqulahell ly: ····"··~ .,.-- "•• o ... leoaett fer Cheat• ef Cuctelly 
Nu•loer 

!ii';*JA~OSS A 1 1 samples s~1 i poed .. 
_,J I I , , lab for analys1~ .. !/. -i ,. ''- ~::...~ I vI, .-
I //(~ j .{4 ' I L 

'""\..· 

s ...... lelinqulthell ly: ........ ~ ly: Ti•• o ... 1-H fer Cheat• ef C•ttelly 
Nu•h•r 

s ...... lelinquithell ly: •••• , ..... ly: Ti•• o ... le .. ett fer Chont• ef Coctelly 

N••her 

s ...... lellnquiohell ly: leceiwell ly: Ti•• o ... lee••• fer Cllettt• el Cuetedy 
Nu•h•r 

••••·Ne 
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CHAIN OF CUSTODY RECORD 

INVIIONMINJA&. PIOJicnON AGENCY·- REGION II 

Environmental Serviees Division 
IDIION, NIW JIUIT 01117 

1------~-~--------~ Naao of Unit anol Aololraoa ;JU::i .:;o:-pcr·at.l t.)n 
1090 ~: i ng \.'.;eo•-ges Pn~r 

I Su1te 1103 

-----~------~---------------E~o_i~s~o~n~·~N~~~'-0~.A~ .. 8~3~7---------------------------------------------1 s ...... 
INualoor 

I 
I 
I 
I 

Nuabor· 
of 

F•n•••••" 

~ 

~ 

4 

D I r •of ....... 

-- ... -...:-*-=- m i s . - , - --. .. ' iTi t v -, a 
~-~-.. m , ' v ! a 

I '? . 2-80 o= 
l s ,_ 90 (~: 

1 s . 2-8(1 oz 

amber bo-:. . 1 -:s ();·: ::en::~-~:~: .. . 1..· 
' I ~=t 

., 
-~J ~ ... ~-- ~ -amber bott. i es 1 o ... - -:.~~-:~. .-'-· ·- . - - ·r· wa: '-· 

amber C~o":t ; ~s I 

' 
! '-I~·, -~~· ·:- r'. c?. !"):. ~-3 -· ·='~ \' -~~ ~ 

I ~/ 

~--L---L-----------~-'~~/~#-·~·~----------------------~~.-~ Penon luouaing Roopoa8Wiil:r for Saa.,lel ... ; , i / c\-,· ~ Tl•o Date 

l ~'-'IL:..IAM L ;:()SS jfi(J{t{a,~-0 /55 ::(.;:.1/~V 
Sa•Pio lolinquiohM ..,. localwaol ly: Tlao Data •••••• for Cha•t• of Cuatooly 
Nu•bor 

I 
I 

~·t LL'Iu.M -~. F:JSS 

/·/ /~·,.~ --~ .. -- 0 .... 
/t uA'.Y it/IJf~'._· c:-:..0: 

...... . . ! 

.• I : 

: -~:.. !:"· 

localwool ly: Dote ••- for Ch•••• of Cuatooly 

~~---------~--~~~----------~ Saaplo lolinquioho• .,. locoiwool ly: Tl•o Data- lo ... a for Ch•••• of Cuatooly ....... 

I So•P•• 
Nu•bor 

ltelin~uioheol 1tr. Racaiwod ly: Tlaa· lou•• for Chant• of Cuatocly · 
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.;:-c= 1 3 

CHAIN OF CUSTODY RECORD 

INVIIONMINYAL PIOYicnON AOINCT - IIOION II 

Environmental Serviees Division 
IDISON, NIW .IIRSIY 01117 

;~ ... _. ~-: :_:. J!C•\: :- ~ t. ~ ~·r. 

: ,::·~L.: ~ : r~o C.'i?·:"·r-~e.;.. ~-.)S7. r-::( '·-~j 

Doaal~o• ef 5••1111 .. 

,; 

-- .. 

- ~ -

-
·. ) 

:. -
: -
~ "" 
~ "' 

1-

-
... 
-

--

---
- . 

1c!·. 1o~4 • :·c,1"'1~?n:.~·~at1Qn sc·-ii 
_; ar.~., ; :-n• .. ~-~,..~r1:-.. en'!:.rat.1 c.=n £'.oi i t,1Si~-iSC, 

~ ~ • i :; r· :: ~ !i ::en 't. :-at i on s .-_; 1 i 
., ":":; -~ :)~·· -~ -:-r. ':'":~i. :. : .... ~ "': -7 -~r'r sr.~, i 

'Or! :-;c::·:·~:,:;nt:.ra't ~ cr SOil 

~~~. ~w L~~=entrati0~ so1 1 
.. ~ -= r . ·: c w ~ r-= n c s n t ~:::. ·: -~ r: s c: i "'; 
~ a r . ~ !'"H.-.= c.~ r:-: en·':._. a ~- 1 an s :-_: 1 1 

!:iC· 1 ·~ 
r.- ·a . -- .. - !.~ :-

Po-· Anu•i•a loapoaalllility low Sa•llloo 

.......... . ,. n •• D .. o 

hliaquiahod ly: locolvotf ly: Yl•o o .. o 

locoivod ly: Ti•o Dolo 

lollaqoiahotf ly: locoivotf ly: n •• Data 

.·. -. 

loe1on for Cheaeo ol Cuatocly 

11 -;amoles s~:·,~r..:e~ 

lat f8r ana1vsi~. 

lo .... lor Che110 o ol Cullody 

lo- for Cheaeo of Cuatotfy 

loae• fer Clle•to of Cuatocly 
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-
Site Name Fu/&5 J A,'(f- Shipping Date(s): -z!z?lc;r 

Case No. L sc;_ '-ll SASNo. laboratories: Organic C.EZ~ffc. c tJI{'f 

~DD/BRICS {) z -9 {1 tl- z z I ~I J tlJC lno g ~< tt/A VAlFI L )B..: <X--Kc~ Ulel 
Field SMO: · ~ 

r.>ampling Date(s) -z/z 7(1r Signature/Date Jt!JI ~~ ~- .l~ z/z -rh / 
. \~ I 

NUS Or~anic lnor~anic 

Saml!le Trl!e Saml!le No. CL No. CLP o. OC Information Comments 

.SO."IL j.)J t{X- S/ "t>/16 ot( J15FQ o l 
J S2 0~ 0-z._ ns/fiSiJ 

~-3 06 o-:s i)tJ Pae A- r ~ 
oF Mlf ;<- 5'1 

S'-( 07 O'i 
DVpt.IeA~oz:. 
JJ.::J ).j ~ - <,.'5, 

Ss- 0'3 os-
S6 Ot OG 
57 10 07 

s1 I ( 
-
()_~ 

S1 IZ o9 
\1 SIO F~ LO 

RJ--~) ~~,u I I"/ I I /5UJVL 

R.JJJl. -/.) IZ Ttflot/6L 

~v V fGI) 3 'Y If; G JlJ&~ 

Lest samples m the folfowm order: groundwater (GV11 1. surfacewater (S'IVJ, seillment (SED~, ~oils lSl, ~ 1 sate 

blaRkt.IRIN). Trip blanks (T~LK) page_/ of~ 
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' ~~· ~f 
• I' I l 

.. ~ 

I. 

·------ -~~--- ---------- ~--~-- ----· -ronl ____ ... _.,._ ..... ___ ---J----,IDi!~D?lDi I 
1/Sf IHIS Allllltll fOil SHII'IIlltTS ltiiHJIIII'IIf COffrutE•r.u II S.A .• .UASI'A Alii! HAIIAII. 
1/Sf l'lllllrrliiiiAUCWAL All IMrl/11 fOil SHII'IIf•rs ro f'IIERrO IIICO AM! AII-II S llr:AIIOIWS 
QUESTIONS? CALL 800-238-5355 TOLL FREE. 

l0t>l)•8l5Z•Z 
From (Your Name I Please Prinl 

JvutJ ;f ,(,( S: FOSS '(l0,1-til.l~·616l! 
Company 

NV$ 'O~PIJRATtD~ 
Slreet Address 

(lletlowy by,.,., (Deftety by-
~~~,, ,___,, 
'~GIMG srO 
16 0 lfliEX IETTEII' 56 0 ffiiEX IETTEII' 

12 0 FfDEXMK' 52 0 lfllfXMK' 

13 0 FfDEX BOll 53 0 lfliEX BOll 

14 0 flDEIIIVBE 54 0 ffiiEX TUBE 

I·· •o·r·· In . , ·, ,, 'j'\•'·1 ,.-· •••• , 

2 

3=~ .. £~•dw9•D 
4 0 IMAIISfiiiiiiS 6000Sif*•"-' 

sO 
6 0 OilY ICE '"' 

7 0 OTHER SI'R'IAI SBM:f . 

eO 

08(Hit1nll!fti/FQir No 

4 0 1111 Ctadt Cord 

f:. 

-· 

II•·. 

PACKAGE 
TRACKING NUMBER 

a·,. ,., 

-
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·t-: 

~OH-------------------

JF_ : 8 3 3. 4 0 9 6:2 b 7 l 

·~-------------------

Ce~--------------------

_Of_ I ! 3 3 4 o 9 bi 2 9 41 

10b0•8152-2. 
fr""J (Your Name) Ptease Prinl 

VILt.tAI't ~~FOSS 
Company 

NU~ CDitPtJkAflCN 
Slreel AddrP.SS · 

IMI..d\lfiU IWUMDLII -- ·----- -
To (Aecipienl's Name) Please Prinl : Rodpionl'a--(\lory~~ 

2ol~zz.b-&lt;o. V£.tkOM'Z(!H H/)iUrt<~OI, ;g-z .. 
Corrflany Department/Floor No. 
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NATURA.L LANDS MANAGEMENT 

CAUTIONS AND RESTRICTIONS ON NATURAL HERITAGE DATA 

The quantity and quality of data collected by th'e Natural 
Heritage Program is dependent on the research and· observations of 
many individuals and organizations. Not all of this information is the 
result of comprehensive or site-specific field surveys. Some natural 
areas in New Jersey have never been thoroughly surveyed. As a 
result, new locations for plant and animal species are continuously 
added to the data base. Since data acquisition is a dynamic, ongoing 
process, this Office cannot provide a definitive statement on the 
presence, absence, or condition of biological elements in any part of 
New Jersey. Information supplied by the Natural Heritage Program 
summarizes existing data known to the program at the time of the 
request regarding the biological elements or location in question. The 
information should never be regarded as final statements on the 
elements or areas being considered, nor should they be substituted 
for on-site surveys required for environmental assessments. The 
attached data is provided as one source of information to assist others 
in the preservation of natural diversity. 

This office cannot provide a letter of interpretation or a 
statement addressing the classification of wetlands as defined by the 
Freshwater Wetlands Act. Requests for such determination should be 
sent to the DEP Division of Coastal Resources, Bureau of Freshwater 
Wetlands, CN 402, Trenton, NJ 08625. 

Information provided · by this database may not be published 
without first obtaining the written permission of the Office of Natural 
Lands Management. In addition, the Natural Heritage Program must 
be credited as an information source in any publication of data. 

~~--------------------------------~ nft. .... ft, ........ ft. .... .... ~ ~ ...... :.. ..... ...-. ..... _.._. ~--.&.--.&.:-- ..... ! ...... !-!-- -Z. ,.. _ _. __ a ~---- ... -· 
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EXPLANATION OF CODES ON NATURAL HERITAGE LIST 

1. FEDERAL STATUS CODES 

U.S.FISH AND WILDLIFE CATEGORIES OF ENDANGERED AND THREATENED 
PLANTS AND ANIMALS 

The following definitions are extracted from the September 27, 1985 u.s. Fish and Wildlife Service n'otice in the Federal Register: 

LE--Taxa formally listed as endangered. 

LT--Taxa formally listed as threatened. 

PE--Taxa proposed to. be formally listed as endangered. 

PT--Taxa proposed to be formally listed as threatened. 

s --synonyms. 

Cl--Taxa for which the Service currently has on file substantial information on biological vulnerability and threat(s) to support the appropriateness of proposing to list them as endangered or threatened species. · 

C2 --Taxa for which information now in possession of the service indicates that proposing to list them as endangered or threatened species possibly appropriate, but for which substantial data on biological vulnerability and threat(s) are not currently known or on file to support the immediate preparation of rules. 

C3 --Taxa that are no longer being considered for . listing as threatened or endangered species. Such taxa are further coded to indicate three subcategories, depending on the reason(s) for removal from consideration. 

3A--Taxa for which the Service has persuasive evidence of extinction. 

3B--Names that, on the basis of current taxonomic understanding, usually as represented in published revisions and monographs, do not represent taxa meeting the Act's definition of "species" • 

3C--Taxa that have proven to b~ more abundant or widespread than was previously believed and/or those that are not subject to any identifiable threat. 
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2. STATE STATUS CODES 

These refer to state listed nongame animals and Pinelands listed plants: 

D = declining 
EX = extirpated 
I = introduced 
IN = increasing 
LE = state listed as endangered 
LP = plants listed by the N.J. Pine lands Commission LT = state listed as threatened 
p = peripheral 
s = stable 
sc = special concern 
u = undetermined 
u:sc = undetermined, of special concern 

Status 
status. 
and the 
ulation· . 

for animals separated by a slash(/) indicate a duel First status refers to the state breeding population, second status refers to the migratory or winter pop-
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3. EXPLANATION OF NATURAL HERITAGE PRIORITY ELEMENT RANKS 

The Nature Conservancy has developed a rarity ranking system* for use in identifying elements (rare species and natural communities) of natural diversity most endangered with extinction. Each element is ranked according to it's rarity both in the state and globally. These ranks are used to prioritize conservation work so that the rarest most endangered elements receive attention first. 

GLOBAL ELEMENT RANKS 

G1 = critically imperiled globally because of 
extreme rarity ( 5 or fewer occurrences or very few remaining individuals or acres) or because of some factor(s) making it especial
ly vulnerable to extinction. 

G2 = Imperiled globally because of rarity (6 to 20 occurrences or few remaining individuals or acres) or because of some factor(s) making it 
very vulnerable to extinction throughout its 
range. 

G3 = Either very rare and local throughout its 
range or found locally (even abundantly at 
some of its locations) in a restricted range 
(e.g., a single western state, a physiogra
phic region in the East) or because of other factors making it vulnerable to extinction 
throughout it's range: in terms of occurren
ces, in the range of 21 to 100. 

G4 = Apparently secure globally, though it may be 
quite rare in parts of its range, especially at the periphery. 

GS = Demonstrably secure globally, though it may 
be quite rare in parts of its .range, especially at the periphery. 

*This ranking system is adapted from that which appears in 'The Nature Conservancy, 1988. Model Heritage Operations Manual. The Nature conservancy. Arlington VA'. 
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GH = Of historical occurrence throughout its range 
i.e., formerly part of the es~ablished biota, 
with the expectation that it may be redis
covered. 

GU = Possibly in peril range-wide but status 
uncertain; need more information. 

GX = Believed to be extinct throughout range 
{e.g., Passenger Pigeon) with virtually no 
likelihood that it will be rediscovered. 

G? = Species has not yet been ranked. 

STATE ELEMENT RANKS 

Sl = critically imperiled in state because of 
extreme rarity ( 5 or fewer occurrences or 
very few remaining individuals or acres) . 
Elements so ranked are often restricted to 
very specialized conditions or habitats 
and/or restricted to an extremely small 
geographical area of the state. Also 
included are elements which were formerly 
more abundant, but now through habitat 
destruction or some other critical factor of 
its biology have been demonstrably reduced in 
abundance. In essence, these are elements 
that even with intensive searching sizable 
additional occurrences are unlikely to be 
discovered. 

S2 = Imperiled in state because of rarity {6 to 20 
occurrences). Historically many of these 
elements may have been more frequent but are 
now known from very few extant occurrences. 
Habitat destruction being the primary cause 
of their rarity. Diligent searching may 
yield additional occurrences. 

SJ = Rare in state with 21 to 100 occurrences 
{plant species in this category have only 21 
to 50 occurrences). Includes elements which 
are widely distributed in the state but with 
small populations/acreages or elements with 
restricted distribution, but locally abun
dant. Not yet imperiled in state but may 
soon be if current trends continue. Search
ing often yields additional occurrences. 

S4 = Apparently secure in state, with many 
occurrences. 
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ss • Demonstrably secure in state and essentially 
ineradicable under present conditions. 

SA - Accidental in state, including species 
(usually birds or butterflies) recorded once 
or twice or only at very great intervals, 
hundreds or even thousands of miles outside 
their usual range; a few of these species may 
even have bred on the one or two occasions 
they were recorded; examples include european 
strays or western birds on the East Coast and 
visa-versa. 

SE = A species clearly exotic in New Jersey which 
includes those species not native to North 
America as well as any other species deliber
ately or accidentally introduced into ·the 
state and are therefore not a conservation 
priority (viable introduced occurrences of Gl 
or G2 elements may be exceptions). 

SH = Despite some searching of both historic 
occurrences and sui table habitat, no extant 
occurrences are known. Not all historic 
occurrences have been checked, and unsearched 
potential habitat remains. Until all leads 
are reasonably exhausted, elements ranked SH 
are considered possibly extant. While the 
last observed dates for most elements ranked 
SH are 50 or more years old, elements 
observed much more recently are also included 
when the only known occurrences have been 
destroyed. 

SN = Regularly occurring, usually migratory and 
typically nonbreedinq species for which no 
significant or effective habitat conservation 
measures can be taken in the state; this 
category includes migratory birds, bats, sea 
turtles, and cetaceans which do not breed in 
the state but pass through twice a year or 
may remain in the winter (or, in a few cases, 
the summer) ; included also are certain 
lepidoptera which regularly migrate to a 
state where they reproduce, but then complet
ely die out every year with no return 
migration. Species in this category are so 
widely and unreliably distributed during 
migration or in winter that no small set of 
sites could be set aside with the hope of 
significantly furthering their conservation. 
Other nonbreeding, high globally-ranked 
species (such as the bald eagle, whooping 
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crane or some seal species) which reqularly 
spend some portion of the year at definite 
localities (and therefore have a valid 
conservation need in the state) .are not 
ranked SN but rather Sl, 52, etc. 

SR = Reported from the state, but without per
suasive documentation which would provide a 
basis for . either accepting or rejecting 
(e.g., misidentified specimen) the report. 
Some of these are very recent discoveries for 
which NJNHP has not yet received first-hand 
information; others are old, obscure reports 
that are hard to dismiss because the habitat 
is now destroyed. 

SRF = Reported falsely (in error) from New Jersey 
but this error persisting in the literature. 

SU = Believed to be in peril but status uncer
tain. More information is needed to rank 
accurately. 

SX = Apparently extirpated from state. All 
historic occurrences checked and a thorough 
search of potential habitat completed. The 
localities for many of these elements have 
been destroyed or greatly altered. 

sxc = Species is presumed extirpated from the state 
but native populations collected from wild 
exist in cultivation. 

Note: A 'T' appearing in either the G Rank or s Rank, indicates that the infraspecific taxa is being ranked differently than the species. A 'Q' in the rank indicates That there is taxonomic uncertainty about the taxa being ranked (i.e. , taxa is being accepted as full species in this list but may be treated as a subspecies taxa by others). To express uncertainty, the most likely rank is assigned and a question mark added (e.g., G2?). A range is indicated by combining two ranks (e.g., GlG2, SlS3). 
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4. IDENTIFICATION 

This code refers to whether the identification of the species/community has been checked by a reliable individual and is indicativ~ of significant habitat. Codes are as follows: 

Y = Identification has been verified and is indicative of significant habitat. 

BLANK = Identification has not been verified but there is no reason to believe it is not indicative of significant habitat. 
? = Either it has not been determined if the record is indicative of significant habitat, or the identification of the speciesjcommunity may be confusing or disputed. 
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5/18/87 

NEW JERSEY NATURAL HERITAGE PROGRAM 
POTENTIAL THREATENED AND ENDANGERED VERTEBRATE SPECIES 

IN CAMDEN COUNTY 

AMERICAN BITTERN 
BOTAURUS LENTIGINOSUS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: ? 

Fresh water bogs, swamps, wet fields, cattail and bulrush marshes, brackish and saltwater marshes and meadows. 

BARRED OWL 
STRIX VARIA 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

Dense woodland and forest (conif. or hardwood), 
river valleys, cabbage palm-live oak hammocks, 
bordering streams, marshes, and meadows. 

BOG TURTLE 
CLEMMYS MUHLENBERGII 

HABITAT COMMENTS 

FEDERAL STATUS: C2 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: ? 

swamps , wooded 
especially v..·here 

COUNTY 
OCCURRENCE: Y 

Slow, shallow rivulets of sphagnum bogs, swamps, and marshy meadows; sea level to 1200 m in Appalachians. Commonly basks on tussocks in morning in spring and early summer. Hibernates in subterreanean rivulet or seepage area. 

BROOK TROUT 
SALVELINUS FONTINALIS 

HABITAT COMMENTS 

FEDERA·L STATUS : 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: Y 

Clear cool well-oxygenated streams and lakes. May move from streams into lakes or sea to avoid high temps. in summer. 

COOPER 1 S HAWK 
ACCIPITER COOPERII 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: ? 

Primarily mature forest, either broadleaf or coniferous, mostly the former; also open woodland and forest edge. 

GREAT BLUE HERON 
ARDEA HERODIAS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: N* 

Freshwater and brackish marshes, along lakes, rivers, bays, lagoons, ocean beaches, mangroves, fields, and meadows. 

1 
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5/18/87 

MUD SALAMANDER 
PSEUDOTRITON MONTANUS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: ? 

Muddy springs, slow floodplain streams, and swamps along slo·.·: streams. Nonlarval forms usually found beneath logs and rocks, in decaying vegetation, and in muddy stream~bank burrows. Occasionally disperses from wet muddy areas. 

NORTHERN GOSHAWK 
ACCIPITER GENTILIS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: W 

Deciduous and coniferous forest, forest edge and open woodland, foraging also in cultivated regions; primarily in mountains towards the south. 

PEREGRINE FALCON 
FALCO PEREGRINUS 

HABITAT COMMENTS 

FEDERAL STATUS: LE 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: Y 

"A variety of open situations from tundra, moorlands, steppe and seacoasts, especially where there are suitable nesting cliffs, to high mountains, more open forested regions, and even human population centers ..• ". 

PIED-BILLED GREBE 
PODILYMBUS PODICEPS 

HABITAT COMMENTS 

FEDERAL STATUS: · · 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: ? 

Lakes, ponds, sluggish streams, .and marshes: in migration and in winter also in brackish bays and estuaries. 

PINE BARRENS TREEFROG 
HYLA ANDERSONII 

HABITAT COMMENTS 

FEDERAL STATUS: C2 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: Y 

Streams, ponds, cranberry bogs, and other wetland habitats. Postbreeding habitat the woodlands bordering these areas. 

PINE SNAKE 
PITUOPHIS MELANOLEUCUS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: Y 

Lowlands to mountains; desert, prairie, brushland, woodland, open coniferous forest, farmland, marshes. Terrestrial, fossorial, .and arboreal. Underground in cold weather. 

2 
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5/18/87 

RED-SHOULDERED HAWK 
BUTEO LINEATUS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

Moist and riverine forest, and in e. N. Am. foraging in forest edge and open woodland. 

SAV1-.NNAH SPARROW 
PASSERCULUS SANDWICHENSIS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: ., 

in wooded swamps, 

COUNTY 
OCCURRENCE: W* 

"Open areas, especially grasslands, tundra, meadows, bogs, farmlands, grassy areas with scattered bushes, and marshes, including salt marshes in the BELDINGI and ROSTRATUS groups (Subtropical and Temperate zones)". 

SEDGE WREN 
CISTOTHORUS PLATENSIS 

HABITAT COMMENTS 

FEDERAL STATUS : 
STATE STATUS:_ LE 

Grasslands and savanna, especially where wet marshes, locally in dry cultivated grainfields. winter also in brushy grasslands. 

SHORT-EARED OWL 
ASIO FLAMMEUS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LE/S 

COUNTY 
OCCURRENCE: ? 

or boggy, sedge 
In migration and 

COUNTY 
OCCURRENCE: ? 

Open country, including pra~r~e, 
marshes, savanna, dunes, fields, and 
on ground or on low open perches. 

meadows, tundra, moorlands, 
open woodland. Roosts by day 

TIGER SALAMANDER 
AMBYSTOMA TIGRINUM 

HABITAT COMMENTS 
Found in virtually any 
nearby suitable for 
subterranean. 

TIMBER RATTLESNAKE 
CROTALUS HORRIDUS 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: ? 

habitat, providing there is a body of water breeding. Terrestrial adults primarily 

FEDERAL STATUS: 
STATE STATUS: LE 

COUNTY 
OCCURRENCE: ? 

Wooded rocky hillsides in north; swampy areas, canebrake thickets, and floodplains in south. Near streams in late summer in some areas. Often hibernates in burrows and crevices of rock outcroppings. 

3 
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5/18/87 

WOOD TURTLE 
CLEMMYS INSCULPTA 

HABITAT COMMENTS 

FEDERAL STATUS: 
STATE STATUS: LT 

COUNTY 
OCCURRENCE: Y 

Vicinity of streams and rivers. In streams and in wooded areas and fields adjacent to streams in summer. In streams in spring and fall. Hibernates in banks or bottoms of streams in winter. 

4 
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DEFINITION OF ACRONYMS 

FEDERAL STATUS 

LE=listed endangered. 
LT=listed threatened. 
PE=proposed endangered. 
PT=proposed threatened. 
C2=candidate for listing. 

STATE STATUS 

LE=listed as endangered. (short-eared owl winter pop. 'listed as stable:S) 
LT=listed as threatened. 

COUNTY OCCURRENCE 

Y=present year-round, breeds. 
N=present year-round, not recorded breeding. 
B=present during the summer, breeds. 
W=present during the winter. 
T=present as a transient. 
?=present status undetermined. 
*=indicates that the county is within the species known breeding range. 

I 
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- - - - - - - - - - - - - - - - - - -
LEVEL: REG. U.S. EPA SUPERFUND PROGRAM • PAGE 69 • SELECTION: RUN DATE 10/04/90 SEQUENCE: REGION, STATE, SITE NAME ** C E R C L I S ** RUN TIME 14:31:31 EVENTS: ALL 

LIST-8: SITE/EVENT LISTING VERSION: 
SITE NAME 
STREET ACTUAL ACTUAL CITY STATE ZIP NFA. OPRBLE START COMPL CURRENT EPA ID NO. COUNTY CODE AND NAME CONG DIST. f.!.!g_ YH!l EVENT TYPE DATE DATE EVENT LEAD 

NJD092338n2 FINA OIL AND CHEMICAL CO - COSDEN DIV. 00 DS1 06/01/81 EPA (FUND) PO BOX 316 /MAIN ST PA1 09/01/84 09/01/84 STATE( FUND) ~INDSOR NJ 08561 SI1 01/01/90 03/30/90 STATE( FUND) 021 MERCER 

NJD002263622 FINNESSY BODY WORKS 00 DS1 01/21/86 STATE( FUND) 100 CRESCENT BOULEVARD PA1 02/20/86 STATE( FUND) COLLINGSWOOD NJ 08108 
007 CAMDEN 

NJD980529127 FIORE DEMOLITION 00 DS1 08/01/79 EPA (FUND) 192 DELANY PA1 07/01/80 EPA (FUND) NE~ARK NJ 07105 HR1 08/01/82 OTHER 013 ESSEX SI1 08/01/79 08/01/82 EPA (FUND) 
SI2 08/01/79 08/01/82 STATE( FUND) 

NJD980771612 FISH ROAD SITE NFA 00 DS1 04/10/84 STATE( FUND) FISH RD PA1 08/21/87 STATE( FUND) JACKSON T~ NJ 08527 
029 OCEAN 

NJD004362059 FISHER SCIENTIFIC 00 . DS1 08/15/83 RESP. PARTY 1 REAGENT LANE PA1 11/01/85 12/01/85 STATE(FUND) FAIR LA~N NJ 07410 Sl1 06/30/89 09/29/89 STATE( FUND) 003 BERGEN 

NJD052207982 FISHER SCIENTIFIC 00 DS1 04/03/84 RESP. PARTY 755 STATE HIGH~AY 202 PA1 08/01/84 STATE( FUND) BRIDGE~ATER TWP NJ 08807 Sl1 11/01/89 12/31/89 STATE( FUND) 035 SOMERSET 

NJD002352300 FLAGS, INC. 00 DS1 02/11/86 STATE( FUND) ~ 41 OAK AVENUE PA1 03/10/86 STATE( FUND) BELLMAWR NJ 08031 
007 CAMDEN 

NJD982187346 FLEMINGTON COAL GAS SITE 00 DS1 09/19/83 EPA (FUND) EAST MAIN ST PA1 12!28/87 12/29/87 STATE(FUNO) FLEMINGTON NJ 08822 Sl1 06/23/88 06!30!88 STATE( FUND) 019 HUNTERDON 
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CONGRESSIONAL DISTRICTS 

OISTIICT OJ€1 Part of Burl&.nlltan ec...ty ~Haole Sh8de t1110., Peilfl'rrl Borauqft, ~hverton 8orouqn1, Jlrart of C.-din c.a...t, ; .t.ucsubOn o)erk Borouqn, 
Barunqtan 8orouqn, BelliMWr 8orougn, 8erhn Barouqn, Berlln T110., BrOOki.., 8orouqt'l, C.aen C&t';', Cheuihurst 8orouqn, ::le.enton 8orouqn, 
ColhnqaiGOd 8orouqn, G1bbab0ra Borouqf'l, Gloucester C1th Clouceater Twp., HeodOn Twp., H&-~lb 8orouqn, Laurel Spnnqa 8orouqn, La""tnde 
Borouqtl, LH~en.ald Borouqn, Maqnaha Barouqn, Mount (phru• Borouqn, Oakhn Borouqn, Pennsauken T-o., P1ne H&ll Borouqn, P1ne Yelle" Borouqtl, 
~~ Borouqn, Sa.roale. Borouqn, Stratford Barouqn, rav&stack Borouqf'l, W&nalo• Twp, and Woodl.,nne Barauqn,, ana hrt of ~r Cautt~ 
~Cb.,ton &orouqn, Deptford Jwo., East Greenwu:n f"'P•, Creenw&cn T~., Haruaon T~~~p., Laqan Two., Monroe two., 'llat&onal Park Borouqn, Pauhbaro 
Borough, Sweoeaoora Borouqr., •ash&nqton r...,., Wenonah Borouqn, ilfeat Oaotfard Twp,, Weatnlle Borouqn, Woodbur., Clt), lfoodbur) Hts. Boro_uqn ana 
"ooJ.wtcl'l r..,.j. 

DISTIIICT T•• Atl-J.e ca...ty, ~ -, ca...ty, ~rl- ca...ty, Sal• taunt.y end l"vt of GI..-r taunt.y !Elk r..., •• rron•l•n r..., •• 
·Claaaooro aorauqn, Mantua r-.,., ~ewf1eld Barauqn, P1tman Borougn ana South Hairt1son Twp.;. 

OISTIIICT TtaEt P-ut ot --.th ea..ty {Allenhurst Borauqn, Asbury Perk C1t.,, Atlant1c Htqhlanda, Borauqn, Awon-o., .. t.ne-See 8orouqh, Bellller 
Borouqn, Brecsley Beach Borouqn, Deal 8orouqn, £atonto.n Borouqt'l, f"ur Heven Barouqn, Hazlet Two,, Hu;nlanaa Borouqh, [nterlatcen Borouqt'l. 
ICeanaourq Borouqn, Keyport Borouqn, L1ttle S1lver Barouqn, Locn ArbOur Ylllaqe, Lonq Br.-w:h Ctt.,, ManaaQUen Borouqn, ""lddleta"" Two., Hornoutn 
Se~~e:n Bora, ,_otune Ctt., Borouqn, ~&ptune Two., Oceanport Barouqn, Oeean T-o., Aed Bank Borouqf'l, AUieon Barouqn, See Buqht Borouqn, Sea Gut 
9arouqn, Shre .. Dur-. Borouqh, Shrewaoury Twp,, Sprtnq Lake 8orouqf'l, Spr1nq Lake Heu;nta Borouqn, Sautn 8el11ar Borouqh, T1nton f"alls Borouqn, Un1on 
Beecn Borauqn anc:l West Lonq Brench Borouqh) end ~tart of 0.:... c...ty. (Bey HeMt Borouqn, Buck fWD., Dover T-..p., Island Heu~nta Borouqn, Lake.aacs 
r...,., Lawe.Uette Borauqn, Mantofolunq &orouqn, Potnt Pleaa ... t Beec:n Borouqn, Po1nt Pleaa.,t Borougn, Seeetde i'W1qnta Borouqt'l and South T0111 lhwer 
8orouqfti. 

OISTIIICT nlllt 1"vt af -l.uwrt.., ca...ty CBor-td"" C1t~. Bor-to"" !011 •• Burhnqton Clt). Burhnqton r.., •• Cheotorflold 1011 •• Eaot001oton 
!11110., f1elcJabOtO 8orouqn, florence T-o., Mllneheld T-o., Spunqfleld Twp. ena Weat.-pton J.p.; Put of ... l'm:l' Cautty ((aat hndaar Two., £w1nq 
Twp., H•&lton Two., H1qntstown Borouqn, ._. .. u Borouqn, Hooe .. u rwo., Lawrenee '""·• PeMtnqton Borouqn, Trenton Clt) and waantnqton T-o. 1, 

Put of ~ a...ty (J-aurq Barouqr., Monroe Twp. and PlltnaDoro J.p.;, '-t of .......,., Cawlty (Allenta.n Borouqrt, Bnelle Borouqn, Colts 
-.ek T.p., (nqiuntawn Borouqn, fart~tnqd•l• Barouqn, Frnhald Borouqn, rreehOld Twp., Hollldel Two., Ha•ll T-o., HanelaQen J.p., Marlboro J.p., 
Hallst.ane 111110., Rooaevelt Barouqtt, Upper FreehOld r._.,. and Wall fwp.i, and P'..t of a...n_c....ty {Jackaon Two.J. 

D:STitCT r·t~: Pert a, Boll~ Cawlty ~•He"delt~t Boro-.J~, AlD1!1• Borc•Jqft, l!erqpnf:'!'!d 9nrt"Vqft, Cleo!'t~r Bnrl"lt.•~". "o:-~:~ks ll ~"'""'\.:'!f"'. """'"~•-t 
Borouqn, O~t Borouqn, E•rson Sarouqn, Glen Rock Borouqn, Harrt1"'19ton Park Borouqn, HbOrtft Borouqn, Htllsdela Borauqn, Ho·Ho-tc.ue Borouqn, 
a.tenwan J.p., Hldlend Perk Borouqh, Hontvele 8orouqn, Northvale Borouqn, NoriiGOCI Borouqn, Oakland Borouqn, Old Tappan Borouqn, Oradell Borouqn, 
Par.-ua 8orouqt'l, i)erk R1dqe Borouql'l, AM•'f Borouqn, R1esq.11000 Y1llege, Atvar Vale Two., RocMlla Park f1111)., Roeklllqh Barouqn, Sadale Al'let 
Borouqn, renan., Borouqn, Ugper Seddla R&ver Sarauqtt, Waldw&ck Barouqn, wurunqton r..,., Weet.-x~d Borouqn, ..,octehff Lake Borouqn end w-.ctroff 
T1111J.,), '-t of ~&c c..ty (Bl0011lnqdl11 8arauqn, HaledOn Borouqn, H .. tharne 8orouqf'l, ~rth Haledon 8arouqn, Aanqwooct Barouqn, 'lfertiQUe Borouqn 
anct weet Halford Two. i, ana flut. of s.- ca..ty (Andover Borouqn, AndOver '""', Br..eftV•ll• Borouql'l, Frankford l-oa, Pranklln Borouqn, freaon 
TWCJ.' H_,.,rq Borouqtt, Hera ... eton ,..,. ' Hopatconq 8orouqf'l, Lafeyetta TWQa t Monteque Two. I ~tan ro..,, Oqaenaourq Barouqn, s~.,.ton lwo. I Spertl 
rwp., Stanhall• 8arauql'l, Sua••• 8orougn, Vernon Two., WalDeck r..,. •nd w.,teqe fwp.'. 

DISDICT Slit Put. of tUdd._ c...ty (Carteret Barouqh, (duon T-o., Haqhl.-.d Perk Borouqn, MetucfWn Borouqn, ._. Brunawu:lr C1t-,.. ·~rtn 
Brunawactc T-o., Old Bradqe Twp., Perth Altoay C1t.,, Sayranlla Borouqt'l, South Allboy C1t.,, South Rawer Borouqn and WoodbradQe T.p.i, P.t of 
- ~y (Aberdoen r..,. oncl Notowon Barouqn), oncl l"vt af lhian ca...ty (Ll,_ Clt~, R-o• C1t~ Oncl Rooollo Borouqn). 

OISTIIICT !inDit P- af [- Qulty (Ntllburn r..,.;. l"vt of- Qulty (Ounollon BoroUCI" onc1 Nuldloa .. Borouqft), l"vt af s-rwt ca...ty 
~Bound Brook Borouqft, Brutqe•etar r..,., Crnn Brook r..,,, Manvtlle Borouqn, -.ortn Pl11nheld 8orouqr., ••rren filliP .. anct watcnunq Barouql'li lnCS f'tut 
of tau. c...ty {8atkelay Hetqf'lts r..,., ClarK r-.,., Cranford Twp., Eluaoetn Cat.,, f"antiOOCS Borouqn, Garwooct Borouqn, te:entl~~~Urth Borouqt'l, 
Jlb.lntl&ntildl Barouqfl, ._. Provtdence Borouqft, Plaanhald Caty, AoNlll Perk Borougn, Scotch Pl11na TIICJ., Spnnqfaeld Two., 5...-tt Cah, Un1on 
f.p,, Wntf1eld lawn ..c1 Wtnfteld J.p.). 

DISTIIICT [ll:lf'lt Port af .._ ca...ty (Froniclln Lokoo Borouqn), l"vt of [- ca...ty (Port of 8olloV1llo To""• BIOOIOflold ro..,. Glen R1dqe 
Sorouqn, JIIIOntclatr ra.., end Nutley Ia..,;, 'art af litlln'u c....ty {Aavar-dale Borouqf'l) ana Pat. of '-&c caunty (Cltfton Clt), L.1ttle Fells Two., 
Paaaaac Ctty, Pateraon Ctt.,., Poaoton Lakea Sorauql'l, Proapect Park 8orouqn, Totowa &orouqn, way,. r...,. anct ... t Peterson 8orauqhJ. 

DISTIIICT •tll:t l"vt af .._ ca...ty (l!oqoto Barouqt>, Corlotodt Barouqn, Cllffudo Por• Borouqn, Eaot Rutherford Barouqn, Edqewotor Borouqn, 
El.-.ooa Perk 8orouql'l, EnqliiWOOct Ctt)', EnqlltWOOct Cllfh Borough, Fau LIWn 8orouqn, Furv1 .. 8orauqn, f"ort Lee Barouqh, Cf•rfaeld C&t), Hac:tr.ensectr 
Caty, Haaorouck Hetqfttl BoroW)h, Leon11 Sorouqn, Ltttle rerr., Borouqh, Loda Borouqf't, L'(ndfturat Two., Ma'f'IIOOa Borauqn, ""'oncl'lll Borouqn, ._.. 
114tlfarcs 8orouqft, ~rth Arhnqton Borouqn, Pehaaaea Par-k Borouqn, Atdqefleld Borouqn, Atdqllheld Park Y11laqe, R1ver (dqa Borouqn, Autherfora 
Sorouqn, S.CSdle Broatl rwo., South ~keneiiC'tl: T-o., re..or: T-o., Tetert10ro Borauqn, •alhnqton 8orouqn ena W00ct.A1dqe Borouqn1 and r.:rt of ........_ 
c...ty (E•et ._.erll 8orauqrt, Pert af K:eemy Town, ena S.ceucua Tatlft). 

DISTIIICT l'Dit Put af [- Qulty (Port of Bollovtllo Town. Eoot Or- C1t~, lrYlnqton To""• ~owor• Clt) ancl Oranqo Cll) i 0nc1 l"vt of -
ca...ty ( Hlllllele To""M111) •. 

Dtmtct [LODit Pat af [- c..ty {Caldwll Borouqn, Cedar Grove Twp., Ea•• Falla 8orouqn, f"atrfllld Barouqn, Ltwanqtton T.,.g., ""•aletiOOd 
T.g., "M)rtr• Cald•ll Borouqn, RaM lend 8Drouqn, South OrMg~ Ytll~, 'ierona Sot"'Uqtt, ... t Caldwll Borouqn and weat Orenqe ro..,,, Put. of ._rrae 
c..ty (Boonton To..,, Boonton fwp., Sutler Borouqn, Chath• Barouq~t, Cheater BorOUCif', Cheater f11110 .. , Oenvtlle T~~~~Jio, Dover ro..,, Eaat Hanover Two., 
·-lwc:-- r,..-. :.:r:l~, l-~er r-.. •• .::effereon !''-r.l•t IC.a.nne.i.on Ba:-OUoJft, Llnealn !':rtr S:r:~, ~:.~ e:r;,uqt"t, ~~":r'!ea &ro:,~q"":. ~~'!!"'=-: ,.-:=., ,.:-~ 

Hall f-o., Hontvtlll f.p •• MDuntean Lakn 8otDU9f't Haunt Arhnqton Barouqn, -.,t Ohve T-o., -teonq 8orouqh, PeratQO_,..rroy Hti 11 T-o., 
Pe_., 1"11•• Rondalllll 1"11•• Roclr ... y 8orouqn, Roclr ... y T"'l•o Ro•llury T"'l•• V1CtOI'Y Car- Barouqn - Whorton Barouqn), l"vt af S.... 
~, CByr• r..,. onc1 Cr"" r..,.l anc1 l"vt af-- _, CAll-y r ..... , FrohnqnyMn r..,., !ndOpoo-~eo r..,. ona L1oort~ r..,.,. 

Otmtct TliD.Kt - ~y, l"vt ar - ~y (Prtne.ton Barouqn. Pune.ton 1011. and Woot W1nclaor T011.) Pvt of llidd- taunt.y 
~Cranbury J~ •• £aat Brunawack Twp., Het.tt8 &orouqn, Mlllta"" Barouqn, P1ac8t_., r..,., South 8runawtck Twg., South Pl11nfteld Borouqn and 
Sc:Jotawoad 8orauqr.i, P'art of -....u c..ty (0\atn• Twp., Herdanq r_,., Morr11 Pleana 8orouqn, Morr11town To..,, Morr11 r..,., Pe11e1e r_...,. end 
wunanqton rwo. j, '-'l of s.-~ c..ty (8ediiJ.nater Twp., Bernarda Jwp., Bernerdawalle 8orGUqlft, Brancnburq rwo., rer Hllla Borouqt'l, fren1c11n 
r..,., H1llobarouqn r..,., Ntllltono Borouqlt, Nont-I'Y T"'l•, Poooock-Gl_t_ Borouqn, Rout., Borouqn. Rocky H1ll Borouqn, S..Orv1llo BarouQf> 
and Saut" Bounot Brook BarOUIIIo), l"vt af - ca...ty (.._ton 1"11. onc1 Stllldtor TOll.) and l"vt af bnwt ca...ty (Alllllo Barouqn, Beh1dero 
Tolllft, 8la&retown Twp., funklln Twp., Cr..,..u:n h•P•t Hldrattetown Town, Hlrc:twlck fwp., Harw~ny T111P., ~ Twp., Kno•ltan Twp., Lopatconq Twp., 
-ftold T"'l., Oaforo T"'l., POit-rry 1"11,, Phtlllpoburg Town, Pollotcanq 1"11•• W...,.tnqtan Barauqn, W...,.tnqton 1"11• and Wluto 1011.). 

DIST'Ita THIIT[Dh Part of 8ul'li.IIIJlM c...ty (Baea Raver Twp., Baverh Ctty, Ctnn•aneon Twp., Delanea Twp., Delran T-o., Edqeweter Perk rwo •• 
Eveatta. lt~p., Hun~rt Twp., LUIIberton Twp., Maclrord lllcee Borouqn, Mldrord Twp., Maare.to• Twp., Mount Holh 1'1110., Haunt Laurel fwp,, Netl 
H..,wer Twp., North HW~Dwer fwp., P.-.rton Borougtl, PIMblrton Twp., Rheratde Two., ~ TIIIP•t South.,ton Two,, Tabernecle Twp., Wl.,anqtan 
T..,., Wtlhnqi>Ora l"'l•o Woocll- T011. ond Wrltjlltota"" Borouqn), - af ~ ca...ty (-.oan Barouqn, (herr~ Hlll 1"11•• H-held Barouqllo 
- Hontjllto Barouqn, Norcn .. tnllo Barouqn, Voor .... o r..,. onc1 Watorfard T"'l.) - 1"vt ar- ca...ty (Bernoqot L1tjllt Borouqn, Bernoqat hor>·• 
Beocto Novon Borouqn, Be- Borouqn, Berko loy I "'I•, Eoq!o- T"'l,, Harvoy Cocloro Barouqll, Loce~ r..,., Lok ..... rot Borouqn, Llttlo [qq Haroor 
I "'I•, Lonq Beocto T"'l•o -tor I "'I•, Oco., Goto Barouqn, Qco., T-111, Ptno Beoc" BaroUCI"o Pl..atooo 1011., SoMldO Pork BoroUtjll, Slup Batt .. 
Borauqn, Stafford r..,., Surf C!ty 8orouqn - Tuctcarton Borouqn). 

DlmiCT f1III1IDit 1"vt af - ~y (Be~onno C1ty, C:Utt-rq To..,, Harruon Town, - Cit,, Joroo~ C1t,, Port of ICoorny To..,, Nartn 
8el'l)eft Twp., Unlan C1t.,., • ..,. .... en fwp. and Welt .... Yartc fo.n). 

nan• DIYtSIIII. 11:11 JEBY ..,.... ar srall ·~·; 
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i~~free conductance. 
J . small. so peuoleum 

· Eq':(2.28) is substituted 
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~~~ that will lead to i 
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n 'ep under a. hydraulic 
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dely: used for hydraulic 

J ~u~ed in terms of Eq. ; 

I'.;. 
1: .. , 
rver with· regard to this 

II coefficient. However, -. 
discardcct this formal 

temperature of measure- . ~ · 

l:l"ronment can intluenc:
. q. (2.28). The eft"ect is 

·. It still makes good · 

I nents have been· carried 

I measurement are very 
be dependent on the 

·actical rather than COD• 

~~nductivity and penne-
of geological materials. 

J 
avis' (1969) revic:w. Thc
lhyd~ulic: conductivity 
~eters that take on 

J 
1is property implies that 

l ty can be very useful. 
ity value probably has 
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II 

'• ]~ ............. ---

... 
.. 

.. 

Table U Range of Valu• of Hydraulic Conductivity 
and Permeebillty 

Roc:xs Unconsolidated k k K K K 
-----+-d_e_D_o_s,_rs_ \darcyt (~··(cmltHmls~ (golldOvlft2l 

I 
105 10-J 102 

t04 10"4 to·• 
10° 

u tO .. 
105 

I I ,~ 103 10"5 •o·z 
Ql 

~' t04 c: 
10z t0"6 to·• to·3 00 

~.8 c 
0 

103 
~~ l "' c tO 10"7 to·z to-• 
.Q~ 0 

":\Oc:wt Cl> 

102 - a.a a~ ~u oe.,u 
~, •o·• t0"3 to·! x: .. ::.o 

1f~i,J I 10 ... 
to·• t0-9 t0-4 10-6 

'~:tO a iii 
cuecucu :I 10·2 t0"10 to·' t0"7 ]~§@~ 
~~~~~ao g 

to·• cu--
- eo"' ~~ -'Q~ iii 10.3 10.11 10-6 to·• 

.JI a ~J Vf. 10·2 

I J 10 ..... 10-IZ t0- 7 to·' c; 
~;g 

10·5 to·•s to·• 10·10 
10·3 

cu--· 
.C:I.I~ 

~~ ... 
c;. 

to·• cue 
~·= 10-6 to·•• !O"' to·" cua.a co ... uu :;:)e ::.·-a 10_, u a.:;.!! I I<J7 10 .. 5 •o·IO •o·•z 0~::.0 

- o-'= c 0 cuVl 1o·• ::;:) u ij 10 .. to·•• to·" IO•IS a·-
I t0-7 

Table-2.3 Conver•ion F•cton for PermeaDilitv 
and Hydraulio Conductivity Units 

PermaOiliiY. k• Hydraulic conauctMtY. /C 

cml ftl darcy· m/a ft/8 u.s. 9ai/C2a¥1 "' 

... m:. t t.08 .- 10·1 I.Ot ;~ 101 9.80 X 101 3.22 :< IOl 1.8! . 109 

ft! 9.2.9 X t01 t 9.41 :< 1010 9.11 X !OS 2.99 X 106 I. it ' JQl: 
J:uc,.- 9.87 :< to-• 1.06 :.< 10-11 t 9.66 x to·• 3.t7 X tO•t 1.81 ' 101 
r."'S 1.01..x 10-1 1.10" to-e 1.04 x tor l 3.21 2.11..- to• 
ft s J.Jl X JQ-• J.U X to-'" l.U x 104- 3.0, X to-L I 6 . .W. • JOf 
1 s. gal day rc: S.4Z x to-• o S.83 ;~ 10·11 S.49 X l0-1 4.7% x to-· 1.55 x to·• I 

"To obtain Jc in ftl., mullipty Jc in em• by 1.08 x to-•. 
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ORGANICS 

_ Laboratory QA 

_j_ FIT Validation 

_ EPA Approved I 
Final Data 

Site Name : j/off JJ.-~ 

IN ORGANICS 

_ Laboratory QA 

FIT Validation 

-_L EPA Approved I 
Final Data 

Case No. and/or SAS No. : I j'"lfL/j 

BRICS No. : DJ H X 

TDD No. : {)9 -9o )/-1_2 



-f.ll[: -NCORP- - - - - - .. BL~ - - - - - -TDDI: 02-9011-22 SITE INSPECTION SAMPLE RESULTS SAMPL 1/IG DATE: 2/27/91 
EPA CASE NO.: 15941 LAB: CEIMIC FLAGS INCORPORATED 

BELLMAWR, NEL~ JERSEY 
VOLA Till~ 
Sample ID No. : NJHX-SI NJHX-S2( KS/KSD) NJHX-S3 HJHX-S4(0UP I HJHX-S5 NJHX-S6 HJHX-S7 HJHX- SS HJHX-S9 NJHX-S10 IIJHX-RIH1 NJHX-RIN2 HJHX-RIH3 

Traffic Report No. BH004 BHE05 BHE06 BHE07 SHE OS BHE09 BHEIO SHEll BHE12 BHEI3 BHE14 SHE IS BHE16 

Matrix SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL NATER WATER WATER 
Units ug/kg ug/kg · ug/kg ug/kg ug/kg ug/kg ~g/kg ug/kg ug/kg ug/kg ug/L ug/l ug/l 

Dilutior, Factor 1 I 1 1 1 1 1 1 1 1 1 1 1 

Percent Moisture ' 16 14 . 14 14 18 13 21 17 
' I 

~--------- .................................................. .............. I .......................................................................................................................................................................................................... - .................... --- ........... -- ........ ~--- ... --------- ..... • ---

Chloromethane 
8 romome thane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1, 1-0ichloroethene 

· 1, 1-0ichloroethane 
1 rans-1. 2-0ichloroethene (total) 
Chloroform 
I ,2-Dichloroethane 
2-Butanone 
I, 1, 1-Tr ichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
B romodichlorome thane 
1, 2-0ichloropropane 
cis-! ,3-0ichloropropene 
1 rich I oroethene 
Oibromoc hloromethane 
I, 1, 2-1 r ichloroethane 
Benzene 
t r ans-I, 3-Di chloropropene 
Bromofora 
4-Kethyl-2-Pentanone 
2-Hexanone 
1 et r achl oroethene 
1, 1, 2, 2-Tetrachl oroethane 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Xylenes (Total) 

NOTES: 
Blank ;pace - compound analyzed for but 

not detected 
B - compound found in lab blank as ~ell as 

sample, indicates possible/probable 
blank conta1ination 

E - estimated value 
J - estimated value, coapound present 

be I ow CRQL but above IOL 
R - analysis did not pass EPA QA/QC 
N - Presumptive evidence of the presence 

of the material 
NR - ;nalysis not required 
Detection limits elevated if uilution 
Factor >1 and/or percent moisture >0' 

8 8 
12 E 10 E 

- - -

;o 0 
C'DN 
< I 

\0 
0 

Zf~ 
I 

N 
ON 

I 
(/) ...... 



- - - - - - - - - ~2t/9l-
TA - - - - -

SITE Nri11E: FLAGS INCORPORATED SITE INSPECTION SAMPLE RESULTS 
TOO~: 02·9011·22 FLAGS INCORPORATED 
SAMPLIIIG DATE: 2/27/91 BELLMAWR, NEW JERSEY 
EPA CASE NO.: 15941 LAB: CEIMIC (cont'd) 
SEMI-VOlATILES 
Sample iO No. : NJHX·Sl NJHx-52( MS/MSD I HJHX·S3 HJHX-S4(DUPI NJHX-55 NJHX-56 HJHx-57 NJHX-58 NJHx-59 NJHx-510 HJHX·RINl HJHX·RIN2 NJHX·RIN3 
Traffic Report No. BHE04 BHE05 BHE06 BHE07 BHEOB BHE09 BHE10 SHEll BHE12 BHE15 8HE14 BHE15 BHE16 
Matrix SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL WATER WATER WATER 
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/L ug/L ug/L 
Dilution Factor/GPC Cleanup (YI 1 1 1 1 1 1 1 1 1 1 1 1 I 

Percent Moisture 9 17 15 16 15 18 13 8 21 17 
------------------------------------------:--------------------------------------------------------------------------------------------------------------------------------------------------------
Phenol 
bis(Hhloroethyllether 
2-Chlorophenol 
1, 3-0ichlorobenzene 
1, 4-0i cr.l orobenz ene 
Benzyl alcohol 
1 ,2-0ichlorobenzene 
2-Methylphenol 
bis( 2-Chloroisopropyl )ether 
4-Methylphenol 
H ·Hi troso·di ·n·dipropy 1 amine 
Hexachloroethane 
Nitrobenzene 
I sophorone 
2-Hi trophenol 
2, 4-0imethylphenol 
Benzoic acid 
b is 12· Chi oroe thoxy I methane 
2, 4-0ichlorophenol 
l, 2 ,4· T r ichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachl orobu tadiene 
4 · Chl oro· 3-Hethy !phenol 
2· Me thy 1 naphthalene 
Hexach 1 o rocyclopentadiene 
2, 4, 6· T richlorophenol 
2, 4, 5· I richlorophenol 
2· Chloronaphtha lene 
2-Nitroaniline 
Dime thy lphthal ate 
Acenaph thy lene 
2, 6-0i nitro toluene 
3-Hitroaniline 
Acenaphthene 
2, 4-Di nit rophenol 
4-Hi trophenol 
Dibenzofuran 
2,4-Dini trotoluene 
Oi e thy 1 ph tha late 
4-Chlorophenyl-phenyl ether 
Fluorene 
4-Nitroaniline 
4 ,6-Dini tro-2-metnylphenol 
N·ni trosodiphenylamine 
4-Bromophenyl-phenyl ether 
H exach 1 o robe nz e ne 

1 

- - -

;o 0 
Cl>N 
< I 

\0 
0 

z 1-' 
01-' 

I 

0~ 
I 
Vl 



- - - - - - - - - -2c/'ll- - - - - -TABLE I 
SITE N;,ME: FLAGS INCORPORATED SITE INSPECTION SAMPLE RESULTS 
TOOl: 02-9011-22 FLAGS INCORPORATED 
SAMPLII:G DATE: 2/27/91 
EPA CASE NO.: 15941 LAB: CEIMIC BELLMAWR, NEW JERSEY 

(cont'd) 
SEMI-VOI A TILES 
Sample ID No. NJHX-Sl NJHX-S21HS/HSD) HJHX-S3 NJHX-S4(DUP) NJHX-S5 NJHX-S6 HJHX-S7 HJHX-SB NJHX-S9 HJHX-SlO HJHX-RINl HJHX-RIN2 HJHX-RIN3 
Traffic Report No. BHE04 BHE05 BHE06 BHE07 BHE08 BHE09 BHE 10 BHEll 8HE12 BHE13 BHE14 BHE15 BHE16 
Matrix SOIL SOIL SOIL -SOIL SOIL SOIL SOIL SOIL SOIL SOIL WATER WATER WATER 
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/L ug/L ug/L 
Dilution Factor/GPC Cleanup i'il I I I I I I I I I I I I I 
Percent Moisture 17 15 16 15 18 13 8 21 17 
~ ~- • •- •--- ---------------------------- •--- I----------------------------------------------------------------- •----------------------------------- ---------------------------------------------------. I 

Pen tach I o raphe no I 
Phenanthrene 
Anthracene 
Di-n-but y I phthalate 
Fluoranthene 
Pyrene 
Bu ty I benz y I ph thai ate 
3, 3'- Dichlorobenz idi ne 
Benzol a )anthracene 
Chrysene 
bi s( 2- E thy I hexy I )phthalate 
Di -n-octylphthalate 
Benzol b) fluor anthene 
Benzol k lf luoranthene 
Benzol a)pyrene 
lndeno( 1, 2, 3-cd)pyrene 
Di benz Ia, h )anthracene 
Benzo( g,h, i )perylene 

IIOTES: 
Blank s~ace - compound analyzed for ~ut 

not detected 
B - compound found in lab blank as well as 

sample, indicates possible/probable 
blank contamination 

E - estimated value 
J - estimated value, compound present 

below CRQL but above IDL 
R - analysis did not pass EPA QA/QC 
N - Presumptive evidence of the presence 

of the material 
NR - analysis not required 
Detection limits elevated if Dilution 
Factor >I and/or percent moisture >0\ 

I 
I' 

I 

380 E 
380 E 
380 E 
380 E 
380 E 
380 E 
380 E 

- - -

;;:o 0 
C'DN 
< I 

1.0 

:::z:l8 
o .... 

I 
IN 
ON 

I 
Vl 
....... 



- - - - - - - - - .. 26/91- - - - - -TABLE I 
SITE NAME: FLAGS INCORPORATED SITE INSPECTION SAMPLE RESULTS 
TDDI: 02-9011-22 FLAGS INCORPORATED 
SAMPLING DATE: 2/27/91 BELLMAWR, NEW JERSEY EPA CASE NO.: 15941 LAB: cEJm 

(cont'd) 
PESTICIDES 
Sample ID No. : HJHX-SI NJHX-S2( HS/HSD) HJHX-S3 NJHX-S4(DUP I HJHX·S5 HJHX·S6 HJHX·S7 HJHX·S8 NJHX·S9 HJHHIO HJHX·RIHI HJHX-RIH2 NJHX·RIN3 
Traffic Report No. BHE04 BHE05 BHE06 BHE07 BHEOB BHE09 BHEIO &HEll BHE12 BHEI3 BHEI4 BHEIS BHEI6 
Ha trix SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL WATER WATER WATER 
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/L ug/L ug/L 
Dilution factor/GPC Cleanup (Y) I 1 1 I 1 1 1 1 1 1 1 2 1 
Percent Moisture I 9 17 15 16 15 18 13 8 21 17 I 

~- -------------------------------- .. ------- '---- ----------------------------------------------------------------------------------------------------------------------------------- --·-- ------------
alpha-BHC 
beta-BHC 
delta·BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4,4'-DDE 
Endrin 
Endosulf an II 
4, 4' -DOD 
Endosulfan sulfate 
4, 4 '·DDT 
Methoxychlor 
Endrin ketone 
alpha-ChI ordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclo•-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

NOTES: 
Blank space - compound analyzed for but 

not detected 
B - compound found in lab blank as well as 

sample, indicates possible/probable 
blank contamination 

E - estimated value 
J - estimated value, compound present 

below CRQL but above IDL 
R - analysis did not pass EPA QA/QC 
H - Presumptive evidence of the presence 

of the material 
NR- analysis not required 
Detection limits elevated if Dilution 
factor >1 and/or percent moisture >0\ 

21 E 

30 E 
240 E 

49 E 420 E 26 E 

- - -

:::0 0 
(i)N 
< I 
• \0 

0 
:z ........ 
01--' 

I 
N 

ON 
I 

(/) 
........ 



- - -
;ITE iiAME: FLAGS HICORr·QR~·c: 
TQI)~: 02-I"JO}l-22 

SAMPLIIIG !•AlE: c/271>1 
ErA C4SE tiD.: 15141 
LAB NAME: NATURAL RESOURCE: 

TIIORGr,N 1 CS 
Samp I e I D llo. 
Traffic Rep0rt rio. 
Mat I j, 
'.'nits 
[lilution Factor 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryl! iu~ 
Cadmium 
Calcium 
Chromium 
Cob a 1t 
Copper 
1 ron 
Lead 
Magnes i urn 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Si 1 ver 
Sodiu• 
!hal I ium 
Vanadiu• 
l inc 

NOTES: 
Blank space - compound analy:e·J for brrt 

not de tee ted 
E - estimate·1 value 
J- estimated value. comoound ·r~sent 

be 1 ow CROL but above IDL 
R - analysis did not oass [rr G.4/QC 
NR -analysis not renuired 

-
•m<<l 

: rSFQOI 
SOIL 

- -
IIJH<·S21MS/MSDi HJHX-53 

~HU02 M8FQ03 
soiL SOIL 
mg/kg mg/kg 

- -
SITE 

NJHX-541 DUP) NJHX-55 
M8FC04 MBFC05 

SOIL SOIL 
~g/kg mg/kg 

-0- -· - - - -TABLE I 
INSPECTION SANPLE RESULTS 

FLAGS INCORPORATED 
BELU·1AHR, NEW JERSEY 

(cont•d) 

NJHX-56 NJHX-57 HJHX-58 HJHX-59 NJHX-510 HJHX-RINI HJHX-RIN2 HJHX-RINJ 
HBFC06 H8FC07 H8FC08 MBfC09 MBFCIO HBFCI1 H8fC12 MBFCI3 
SOIL SOIL SOIL SOIL SOIL WATER WATER WATER 
mg/kg mg/kg lg/kg mg/kg mg/kg ug/L ug/L ug/L 

----------------------------------------------------------------------------------------------------------------------------------------
~ 700 

l.i 
1210 
1 Q. 9 
J 
no 

mo 
68.4 £ 
14>0 
7:.? 

1 c. 9 
J 

173 
J 

1?. ~· 

97.8 

J 

J 

11900 

7.4 [ 
6 7. 4 

21 

29.5 
16000 
60.2 £ 

159 

II. 6 

7. 4 

2t,. 3 
67.8 

14100 

6 [ 
72.3 
J 

24 
J 
20.6 

21800 
10.7 
1450 

146 

33.1 
37.6 

14900 11100 

6. 2 [ 5. 3 [ 
81.2 J 

J J 

23.3 22.6 
J J 
23.3 J 

19300 17800 
9. 4 5.3 

1520 1310 
191 71.1 

10.2 
J 1740 

30.9 29.5 
41.8 17.4 

9270 11800 2420 10200 7800 

7.8 [ 6. 8 [ 2. 7 [ 7.1 [ 11.3 [ 
50.7 J J 77.3 J 
J J J J J 

4. 7 1.7 
1450 1290 

17.8 24.4 28.8 21.6 19.3 
J J J J 

16 J 688 82.3 17.2 
12200 19700 5430 14200 12500 
31.2 [ 5.1 37. B E 134 [ 58.5 [ 
J 1290 J J J 

204 111 32.8 196 158 
0.13 [ 0.13 E 
J J 34.4 12.7 J 
J 1870 J J 1340 

2. 7 193 73.1 

J 
21.7 31.6 25.3 22.3 
32.1 18 206 147 71.8 

- - - -
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SITE NAME: 

TOO NO.: 

SAMPLING DATE: 

EPA CASE NO.: 

1. Site Location: 

2. Sample Locations: 

3. Sample Descriptions: 

SAMPLING TRIP REPORT 

Flags Incorporated 

02-9011-22 

February 27, 1991 

15941 

Refer to Figure 1 

Refer to Figure 2 

Refer to Table 1 

02-9011-22-STR-1 
Rev. No. 0 

4. Laboratories Receiving Samples: 

Sample Type 

Organic 

Inorganic 

5. Sample ~!!P.tch Data: 
':-. ·~;..· 
""i~~\. ,' 

Name and Address of Laboratory 

Ceimic Corp. Jl. 
100 Dean Knauss Drive 1"/x J 
S. Terry Industrial Park ~ e.. .. / 
Narragansett, Rl 02882 'V 

Natural Resources Laboratory 
409 Corporate Circle 
Golden, CO 80401 

A total of-three aqueous and ten soil samples for organic analysis were shipped by NUS Corporation Region 2 FIT personnel via Federal Express under Airbill No. 9802407075 to Ceimic 
Corp. on February 27, 1991 at 1455 hours. 

A total of three aqueous and ten soil samples for inorganic analysis were shipped by NUS Corporation Region 2 FIT personnel via Federal Express under Airbill No .. 9802407101 to Natural Resourceslabratory on February 27, 1991 at 1455 hours. 

£~ 
..... 

J 
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6. 

7. 

8. 

9. 

10. 

Sampling Personnel: 

Joe Filosa 
Kathy Indelicato 
Bill Foss 
Keith Billy 
Anthony Bonasara 

Weather Conditions: 

Oraanization 

NUS Corporation, FIT 2 
NUS Corporation, FIT 2 
NUS Corporation, FIT 2 
NUS Corporation, FIT 2 
NUS Corporation, FIT 2 

02-9011-22-STR-1 
Rev. No. 0 

Duties on Site 

Site Manager 
Site Safety Officer 
sample Management Officer 
sampler 
sampler 

Sunny cold, temperature 30- 35°F, winds 0- 10 mph from the northwest. 

Additional Comments: 

All samples will be analyzed for Target Compound List (TCL) organic and inorganic compounds, 
excluding cyanide. No trip blank was collected, as no aqueous environmental samples were 
collected on-site. Continous air monitoring was conducted on site using the Organic Vapor 
Analyzer (OVA), HNu photoionization detector and the Monitor 4 radiation detector. No 
readings above background were obtained anywhere on -site. 

Report Prepared By: Joseph G. Filosa Date: February 28, 1991 

ApprovedBy: ~f2;,J ;; . 
Date: 

I 4> • 

. ·- ·---------------~ 
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SITE LOCATION MAP 
FLAGS INC., BELLMAWR, N.J •. 

SCALE: 1._ zoacr 
~.' . 

·:·.; 
. ,..,.·· 

; ·, 

02-9011-22-StW -r 
Rev. No. 0 
·~ 

·i 
! 
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11 

1.5 

NUS 
Sample 
Number 

CLPOrganic 
Traffic Report 
Number 

NJHX-SrJ I(BHE-04 I I 

11 NJHX- 52* ' 1 fBHE- 0~ 

t_sNJHX- 53 l I ( BHE- 06 

!f NJHX- 54** I IJB~.~ • 07 
·-:::.' .. 

·*r.~:r 
..... .:r..~~J~ .. 

TABLE I . 
SAMPLE DESCRIPTIONS 
FLAGS INCORPORATED 

BELLMAWR, NEW JERSEY 
CASE NO. 1 5941 

CLP Inorganic 
Traffic Report 
Number 

MBFQ- 01 

MBFQ-02 

MBFQ- 03 

MBFQ-04 

Collection 
Time 

1019 

1028 

1125 

1125 

Sample 
Im! 

Soil 

Soil 

Soil 

Soil 

02-9011-22-STR-1 
Rev.No.O 

Sample 
Location 

Surface soil sample Sl 
collected at a depth of 
0-6 inches beneath the 
surface, and at a 
bearing of 180° and a 
distance of 20 feet 
from the northeastern 
corner of the garage. 

Surface soil sample 52 
collected at· a depth. of 
0-6 inches beneath the 
surface, and at a 
bearing of 250° and 14 
feet from the south
west corner of the 
former acid storage 
room. 

Subsurface soil sample 
53 collected at a depth 
of 1. 5 to 3 feet be
neath the surface, and 
at a bearing of 170° 
and 11 0 feet from the 
northern. corner of the 
main building. 

Same location as 
sample 53.· 

* MSIMSD- Indicates that an additionat.sample volume was collected and shipped to the labratory 
for Matrix Spike (MS) and Matrix Spike duplicate (MSO) analysis. 

** Duplicate- Indicates that a sample was designated for duplicate analysis. 
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NUS 

I Sample 
Number 

I 15 t 5 NJHX-S5 

I 
I 
~ I~ I~ NJHX-S6 

I 
I 
I 13 IJ NJHX-57 

I 
I 
'ol t ' NJHX- S8 

I 
I 
I 
I 
I 
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TABLE 1 (CONT'D) 
SAMPLE DESCRIPTIONS 
FLAGS INCORPORATED 

BELLMAWR, NEW JERSEY 
CASE NO. 1 5941 

CLP Organic )C~P Inorganic 
Traffic Report Traffic Report Collection 
Number Number 

BHE- 08 I l MBFQ-05 1145 

BHE- 09 \ I f MBFQ- 06 1159 

BHE- 10 t J ( MBFQ- 07 1215 

BHE- 11 ' L I MBFQ - 08 1040 

Sample 
ill!! 

Soil 

Soil 

Soil 

Soil 

02-9011-22-STR-1 
Rev. No. 0 

Sample 
Location 

Subsurface soil sample 
55 collected at a depth 
of 4 - 6 feet beneath 
the surface, and at a 
bearing of 350° and 
150 feet from the 
northeastern corner of 
the property. 

Surface soil sample S'$. 
collected at a depth of 
0 - 6 inches beneath 
the surface, and a 
bearing of 340° and 65 
feet from the north
eastern corner of the 
property. 

Subsurface soil sample 
57 collected at a depth 
of 4 - 6 feet beneath 
the surface, and at a 
bearing of 3300 and 85 
feet from the north
eastern corner of the 
property. 

Surface soil sample S8 
collected at a depth of 
0 - 6 inches beneath 
the surface, and at a 
bearing of 320° and 19 
feet from the south
west corner of the 
garage; 
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02-90 11-22-STR-1 I Rev. No. 0 

I 
I 9' TABLE 1 (CON'n 

~~ 
SAMPLE DESCRIPTIONS 
FLAGS INCORPORATED 

I go BELLMAWR, NEW JERSEY 

~ 
CASE NO. 1 5941 

I NUS CLPOrganic CLP Inorganic 
Sample Traffic Report Traffic Report Collection Sample Sample 

I 
Number Number Number Time ~ Location 

I :JP ~ NJHX- 59 BHE- 12 I l ' MBFQ- 09 1051 Soil Surface soil sample 

I 59 collected at a 
depth of 0 - 6 
inches beneath the 

I 
surface, and at a 
bearing of 270° and 
51 feet from the 
southwest corner , 

I of the former acid ~ 
storage room. 

l 11 l1 NJHX-S10 BHE -13 \ ' f MBFQ-10 1100 Soil Surface soil sample 
S 10 collected at a 
depth of 0 - 6 

I 
inches beneath the 
surface, and at a 
bearing of 240° and 
49 feet from the 

I southwes~ern 
corner of the main 
building. 

I -- NJHX- RIN 1- BHE-14 \ l ( MBFQ-11 1023 Aqueous Bowl rinsate col-
lected in the field. 

I -- NJHX-RIN 2 BfiJ;:.-15 I I l..MBFQ-12 1058 Aqueous Trowel rinste col-
lected in the field. 

I - NJHX-RIN 3 
l ' 

I MBFQ-13 1200 Aqueous Auger rinsate col-- lected in the field. 

I ,. 

I ,. 

I 

I . ';:, 

-":';-,..."' 

I I 
I 
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ATTACHMENT 1 
SOP NO. HW-6 

TOTAL REVIEW 

CLP DATA ASSESSMENT 

PAGE 

Functional Guidelines for Evaluating Organics Analysis 

OF 

Case No. !5Ct:J.i SDG No~v±' LABORATOR~I)n,c__ SITE-+Kl~:y:c}~t.C. 
DATA ASSESSMENT: 

The current functional guidelines (1988) for evaluating organic data_have been applied. 

All data are valid and acceptable except those analytes which have been qualified with a "J" <estimated), "U" <non-detects), "R" <unusable) ,or "JN" (presumptive evidence for the presence of the material at an estimated value). All action is detailed on the attached sheets. 
· 

Two facts should be noted by all data users. First, the "R" flag means that the associated value is unusable. In other words, due to significant QC problems the analysis is invalid and provides no information as to whether the compound is present or not. "R" values should not appear on data tables because they cannot be relied upon, even as a last resort. The second fact to keep in mind is that no compound concentration, even if it has passed all QC tests, is guaranteed to be accurate. Strict QC serves to increase confidence in data but any value potentially contains error. 
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ATTACHMENT 1 
SOP NO. HW-6 

DATA ASSESSMENT: 

1. HOLDING TIME: 

PAGE_OF 

The amount of an analyte in a sample can change with time due to chemical instability, degradation, volatilization, etc. If the specified holding time is exceeded, the data may not be valid. Those analytes detected in the samples whose holding time has been exceeded will be qualified as estimated, "J". The non-detects (sample quanti tat ion 1 imi ts) wi 11 be flagged as estimated, "J", or unusable, "R", if the holding times are grossly exceeded. 
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ATTACHMENT 1 
SOP NO. HW-6 

DA.TA A-SSESSMENT: 

3. MASS SPECTROMETER TUNING: 

PAGE_OF 

Tuning and performance criteria are established to ensure adequate mass resolution, proper identification of compounds, and to some degree, sufficient instrument sensitivity. These criteria are not sample specific. Instrument performance is determined using standard materials. Therefore, these criteria should be met in all circumstances. The tuning standard for volatile organics is bromofluorobenzene (BFB> and for semi-volatiles is decafluorotriphenyl- phosphine <DFTPP). 
If the mass calibration is in error, all associated data will be classified as unusable, "R". 
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~~CHMENT 1 
SOP NO. HW-6 

DA~ ASSESSMENT: 

2. BLANK CONTAMI~TION: 

P~GE_OF_ 

Quality assurance (QA) blanks, i.e., method, trip field, rinse and water b~anks are prepared to identify any contamination which may have been introduced into the samples during sample preparation or field activity. Method blanks measure laboratory contamination. Trip blanks measure cross-contamination of samples during shipment. Field blanks measure cross- contamination of samples during field operations. If the concentration of the analyte is less than 5 times the blank contaminant level {10 times for the common contaminants), the analytes are qualified as non- detects, "U". The following analytes in the samples shown were qualified with "U" for these reasons: 

B) 

C) 

Field or rinse blank contamination {"water blanks" or "distilled water blanks" are validated like any other sample) 

Trip blank contamination 
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ATTACHMENT 1 
SOP NO. HW-6 

DATA ASSESSMENT: 

4. CALIBRATION: 

PAGE_OF 

Satisfactory instrument calibration is established to ensure that the ins~rument is capable of producing acceptable quantitative data. An initial calibration demonstrates that the instrument is capable of giving acceptable performance at the beginning of an experimental sequence. The continuing calibration checks document that the instrument is giving satisfactory daily performance. 
A) RESPONSE FACTOR: 

The response factor measures the instrument's response to specific chemical compounds. The response factor for the Target Compound List (TCL) must be > 0. OS in both the initial and continuing calibrations. A value < 0. OS indicates a serious detection and quantitation problem Cpoor sensitivity). Analytes detected in the sample will be qualified as estimated, "J". .All non-detects for that compound will be rejected < "R"). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

lv6A-
I 
I 
I sv -
I 
I 
I 

ATTACHMENT 1 
SOP NO. HW-6 

DATA ASSESSMENT: 

5. CALIBRATION: 

PAGE_OF_ 

A) PERCENT RELATIVE STANDARD DEVIATION ( %RSD) AND PERCENT DIFFERENCE (%D): 

Percent RSD is calculated from the initial calibration and is used to indicate the stability of the specific compound response factor over increasing concentration. Percent D compares the response factor of the continuing calibration check to the mean response factor (RRF) from the initial calibration. Percent D is a measure of the instrument's daily performance. Percent RSD must be <30% and %D must be <25%. A value outside of these limits indicates potential detection and quantitation errors. For these reasons, all positive results are flagged as estimated, "J" and non-detects are flagged "UJ" (if %D or RSD >50\). If there is a gross deviation of \RSD and %D, the non-detects may be rejected ("R"). 

For the PCB/PESTICIDE fraction, %RSD for aldrin, endrin, DDT, and dibutylchlorendate must not exceed 10\. Percent D must be within 15% on the quantitation column and 20\ on the confirmation column. . 
_ (~l·._;_~~~_)'icv c~f~u_.-._:c CLI:lci.. ~~-I) 3- /31 Cl-lliU-:pvtoF/0l. t_;~ rU!1t~r_ci ~a-~!Lc_J_ -del~ 'k'tJu'b>~ f~ CL( Or!'tfl_lfLlow~ Qtv~ (.)/+t_U-.t 1 D\1 6lc;C7 

tLv.Jvn..£ 0.../V-a .J.Ia.. q CUd ~· ~ ~d '0" ~ 8 H£1</'~- I (p ~ XC r6o7o .o· uo ~ 
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A 'rl'ACHMENT 
SOP NO. HW-6 

DATA ASSESSMENT: 

6. SURROGATES: 

PAGE_OF_ 

All samples are spiked with surrogate compounds prior to sample preparation to evaluate overall laboratory performance and efficiency of the analytical technique. If the measured surrogate concentrations were outside contract specifications, qualifications were applied to the samples and analytes as shown below. 
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ATTACHMENT 1 
SOP NO. HW-·6 

DATA ASSESSMENT: 

7 . INTERNM. STMID1\.RDS PERFORMANCE: 

PAGE_OF 

Internal standard CIS) performance criteria ensure that the GC/MS sensi~ivity and response are stable during every experimental run. The internal standard area count must not vary by more than a factor of 2 (-50% to +100%) from the associated continuing calibration standard. The retention time of the internal standard must not vary more than ±30 seconds from the associated continuing calibration standard. If the area count is outside the (-50% to +100%) range of the associated standard, all of the positive results for compounds quantitated using that IS are qualified as estimated, "J", and all non-detects as "UJ", or "R" if there is a severe loss of sensitivity. 

If an internal standard retention time varies by more than 30 seconds, the reviewer will use professional judgment to determine either partial or total rejection of the data for that sample fraction. 
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ATTACHMENT 1 
SOP NO. HW-6 

DATA ASSESSMENT: 

8. COMPOUND IDENTIFICATION: 

PAGE_OF 

A) VOLATILE AND SEMI-VOLATILE FRACTIONS: 
TCL compounds are identified on the GC/MS by· using the analyte's relative retention time CRRT) and by comparison to the ion spectra obtained from known standards. For the results to be a positive hit, the sample peak must be within± 0.06 RRT units of the standard compound and have an ion spectra which has a ratio of the primary and secondary m;e intensities within 20% of that in the standard compound. For the tentatively identified compounds (TIC) the ion spectra must match accurately. In the cases where there is not an adequate ion spectrum match, the laboratory may have provided false positive identifications. 

B) PESTICIDE FRACTION: 

The retention times of reported compounds must fall within the calculated . retention time windows for the two chromatographic columns and a GC/MS confirmation is required if the concentration exceeds 10 ng/ml in the final sample extract. · ~ 
- ,..j • ' ..yy\../)11..--' _A-· t.J"J1.-i D:1"...,.._-f~~~- [)IJT·-~uuJ2~ ~T.v~"L~~ fl.',._ bH~IJ,~ c<--yJc~ ~ C4 ~~ if~\fd ~ceb.d (I) r:kv_ fo .1-~ c:.uda/YL~ 61. JLMd'c-n c ±vrn.-t . Tk~ali /l (J ~~ c._dt cf)l_., \.:L_.,c--a +c._ hI) _ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A 'rl'A.CHMENT 1 
SOP NO. HW-6 

DATA ASSESSMENT: 

9. ~TRIX SPIKE/SPIKE DUPLICATE, MS/MSD: 

PAGE_OF 

The MS/MSD data are generated to determine the long-term precision and accuracy of the analytical method in various matrices. The MS/MSD may be used in conjunction with other QC criteria for some additional qualification of the data. 
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ATTACHMENT 1 
SOP NO. HW-6 

DATA ASSESSMENT: 

10. OTHER QC DATA OUT OF SPECIFICATION: 

PAGE_OF_ 

11. SYSTEM PERFO~CE AND OVERALL ASSESSMENT (continued on next page if necessary): 

12. 

sv-

13. This package contains re-extraction, re-analysis or dilution. Upon reviewing the OA results, the following form I(s) are identified to be used. 
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ATTACHMENT l 
SOP NO. HW-6 

DATA ASSESSMENT: 

PAGE OF_ 

11. SYSTEM PERFO~CE AND OVERALL ASSESSMENT (continued): 
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CA.s£ No.. I ~ cy+ 1 

SOG NO. ~Ht-0-f: 

o«gwc gczoNAl, A:t«« 4m!'Wl'! m!l¥.11%'~ 

~ORATOiY~~:-)~~-·-~-~-·~-.------------
DATA USER ~ L../ 

REVIEW COMPLETION DATE .~\r~ lcj / sow------------
I 

No. OF SAMPLES ¢>1 WATER I (-: son.. entER 
REVIE'WER. [] ESD {]£SAT .§t.~ntER. CON'TR.ACT/CONTRAcrOR _;~-~.;;;_J_;;;;;_._,1 

...,;)..._;:.._ __ 

1. HOLDING 1'IMES 

2.. Gc.MS ruNE/ OC PERFORMANCE 
3. IN1TIAL CALIBRAnONS 

4. CONTINUING CAt TBR.AnONS 
5. FJEI..I) BLANJCS \? • aol appUcable) 
6. LABORATORY BLANKS 

7. SlJR.R.OGATES 

8. MATRIX SPJXEn:)UPUCATES 

9. REGIONAL QC rP' • 110t appUciable) 
10. INTERNAL STANDARDS 

11. COMPOUND IDENTIFICA'nON 
12. COMPOUND QUANTn'A'nON 
13. SYST.EM PERFORMANCE 

VOA 

t 
BNA 

c 

C> 

PEST 

~ 
c 

D 

0 

D 

D 

0 

Onm:R 

0 • No prvbiCIIII or 1lliJiar llft*a- dLat do BOI alfecl dal& aabWty. X • No more uaaa .,_, ,._ of tJae data poilus are qa•lifted u cillaer esamaled or uuable. M • More lila& &Nut ,._ of 1M dala pouau are qulfaed u •t1ma•ect Z • More lila& .._, ,._ ot t1ae dau poiaa ue qutUied u a'lll&ble. 

I DPO ACTION I'l'EMS: ---------------------------

1 
I ~OFCONCERN: ______________________________________________ __ 

1------------------------------------------l 
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CLP Data Tracking Form 1 - Revalidation of Case # : 15941 revision 0 
Type :ORGANIC 

Contractor : •IT Reviewer : J. Brown 

TYPE OF EBROR (Crit,Signif,Trans) 

Description : 

Page 782 is missing from data package 

~ 1 .. 

i' .. '! 
,I. 

)£.1--l ~ <- j' 
j._ 

Action 

TYPE OF EBROR (Crit,Signif,Trans) : 

"....; .. ,_c.) 1_ 

.. 
" ' ' . .,; 

I Action 

I 
I 
I 
I 
I 
I 
I 

Critical error • a significant error which effects 2 or more samples 
Significant error • categories identified on the Functional Guidelines 
Transcription error = can also be considered as major or minor 

TOTAL ERRORS - # Crit :_______ # SIGNIF : ____ __ # TRANS : 

ESAT REVIEWER : :cvwJ.-fJ £ ~ ~ DATE: 30 May 1991 
/~~--~~~~~-----------

t 
.. 

--



1A EPA SAMPLE NO. 

I 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE04 
Lab Name: CEIMIC CORP Contract: ~8D90028 

l~ab CEIMIC ---- Case No . : 1 5 '3 4 1 SDG No.: BHE04 

IMatl'" i :~.:: (soi 1/• .... atel'") 

Samp 1 e ,,.,.t /vol : 

ILeve1: 

% Moistul'"e: not dec. 

SOIL 

5.0 

Lab 

(g/mL) Lab 

Date 

Date 

Sample ID: '31 0113-01 

File ID: E3216 

F:e•: e i ved: 02/28/91 

Analyzed: 03/05/'31 

lcolumn: (pack/•:ao) PACK Dilution Fa•:tol'": 1. 0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L ol'" ug/Kg) UG/KG 

74-87-3---------Ch 1 Ol'" omet hane ________ _ 
74-83-9---------Bl'"omomethane -------------------75-01-4---------\Jinyl Chloride ___________ _ 
75-00-3---------Chloroethane ------------------75-0'3-2---------Met hyl ene Ch 1 c•r ide ______ __ 
6 7-64-1---------A·: et •:•ne _____________ _ 
75-15-0---------Carbon Disulfide --------75-35-4---------1 ~ 1-Di•:hl ()l'"•:•ethene ______ _ 
75-34-3---------1, 1-Di c h l•:•r •:•et hane __________ _ 
540-59-0--------1~2-Dichloroethene Ctot~l) 
6 7 -66-3---------Ch 1 C•l'" co f C•l'" m __________ _ 
107-06-2--------1, 2-Di•:hl eoreoethane _________ _ 
78-93-3---------2-Butanone --------------71-55-6---------1. 1 ~ 1-Tr i •:hl•:•roethane ____ _ 
56-23-5---------Carbeon Tetrachleoride -------1 08-05-4--------\) i ny l Ac et ate ________________ _ 
75-27-4---------Breomodichleoromethane ---------78-87-5-------....,.-1, 2-Dio:hl•::OY"•:•pl'"•:•pane _________ _ 
10061-0 1-5------·: i s-1, 3-D i ·= h l c•r •:•pY•:•pene _____ _ 
79-01-6---------TrichleoYoethene ---------124-48-1--------D i br •=•me": h 1 •:•r c•met hane _______ _ 
7'3-00-5---------1 ~ 1 ~ 2-Tr i•:hl•:•r•:•ethane _______ _ 
71-43-2---------Benz.ene ________________ _ 
10061-02-6------Tr ans-1, 3-D i •= h l eor eopr •:•pene __ : 
75-25-2---------BYeomofoym -----------------108-1 0-1--------4-Methyl-2-Pent an•:•ne ______ _ 
5'31-78-6--------2-He~,; an•:•ne _____________ __ 
127-18-4--------Tetrachleor•:•ethene ______ __ 
7'3-34-5---------1 ~ 1 ~ 2, 2-Tetr achl c•rc•ethane __ : 
108-88-3--------T·:·l uene __________________ _ 
1 08-'30-7 --------Ch l•:•r c•b en z. en e ·------------
100-41-4--------Ethylbenz.ene _______________ _ 
1 00-42-5--------St yy ene ______________ _ 
1330-20-7-------Tot a 1 X y 1 en es ________________ __ 

' ---------------------------------

11 
11 
11 
1 1 

5 
7 
5 
5 
<::' 
,_J 

5 
5 
5 

1 1 
5 
5 

11 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1 1 
11 

5 
<::' 
,_J 

o:::" 
,_J 

5 
C' 
. .J 

5 
5 

r: 163 
FORM I \)QA 

Q 
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:u 
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:u 
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:u 
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:u 
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1/87 F:ev. 



I 
1E 

I 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: (~IMIC CORP 
~---------------

Case I'Jo.: 15'34_1_ 

$0JJ ___ _ 

(g/mL) 

l:?vel: ( 1 ow/ med )L =:..:::o:...:.w,___ 

:~ M·:• is t u r e: n •:•t dec . _..:i 

found: 0 

Contract: 68090028 

SAS No.: 

L3b Sample ID: 

Lab Fi 1 e ID: 

Date F:e•: e i ved: 

Date Analyzed: 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG 

EPA SAMPLE NO. 

BHE04 

'310113-01 

E3216 

02/28/'31 

03/05/'31 

I CAS NUMBER : COMPOUND NAME RT EST. CONC. Q :================:============================:========:=============:=====: t- : 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r.t164 
FORM I \)OA-TIC 1/87 F'ev. 
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1A EPA SAMPLE NO. VOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE05 Lab Name: ~~:E I 1'1J.C COF.:...P _______ _ Contract: 68D90028 

I I h -. d ,_- .. r=. T. M I 1::·. -2t..: '-··=· e: _ 

Matrix: (soil/water) 

I Samp 1 e •..;t /v•:•l : 

~Level: (lc•w/med) 

% Moisture: not dec. 

Case No.: 15'3"U_ SAS No:•. : 

SOIL 

5.0 (g/mL) L._ 

LOW 

SDG No.: BHE04 

Lab Sample ID: '310113-02 

Lab File ID: E3217 

Date Received: 02/28/'31 

Date Analyzed: 03/05/91 

I C·:•l Ltmn: (pack /•: ap) PAC I< D i 1 uti c•n F ac t•::tr: .:.1..:.•..;:;0 __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kgl UG/KG 

74-87 -3---------Ch l•:•r omet hane ________ _ 
74-83-'3---------Br•:•mc•methane _________ _ 
75-01-4---------Vinyl Chl•:•r ide ________ _ 
75-00-3---------Chloroethane ------------75-0'3-2---------Met hyl ene Ch l•:•r ide _____ _ (a 
6 7-64-1---------Ao: et •:•ne ____________ _ ; 

; ·:'"""'; 
75-15-0---------Carb•:•n Disulfide _______ _ 
75-35-4---------1, 1-D i •: h l•:•Y •:•et hene _____ _ 
75-34-3---------1, 1-Dichl~:•r•:•ethane _____ _ 
540-59-0--------1,2-Dichloroethene Ct.:•tall 
6 7-66-3---------Ch 1 O:•l" •::t f Ol" m __________ _ 
107-06-2--------1, 2-D i •: h l•:•r ~:•et hane _____ _ 
78-'33-3---------2-BLttan•:•ne __________ _ 
71-55-6---------1, 1, 1-Tr i~:hl•::tl"•::tethane ____ _ 
56-23-5---------Ca Y' b •::tn Tet r a•: h 1 c•r ide ____ _ 
1 08-05-4--------Vi nyl Ac et ate ________ _ 
75-27-4---------Bromodio:hlol"omethane -----78-87-5---------1, 2-D i •: h l•::tl" opl" •:•pane _____ _ 
10061-01-5------~: is-1, 3-Di.:hlor•::tpr.:.pene ___ _ 
79-01-6---------TYichloYoethene ---------1 24-48-1--------D i bY' c;.m•:u: h l•:•l" c•met han e ____ _ 
7'3-00-5---------1, 1, 2-Ty i~:hl~:•l"•:~ethane ____ _ 
71-43-2---------Benzene 

~~~~~--------10061-02-6------Trans-1, 3-Dich l~:•Yopr~:•pene __ 
75-25-2---------Byomofoym ---------------108-10-1--------4-Methyl-2-Pentanone -----591-78-6--------2-Hexanone ------------127-18-4--------Tetl"achloroethene -------79-34-5---------1,1,2,2-Tetrachloroethane 
108-88-3--------T~:·l uene ____________ _ 
108-90-7--------Chloroben::ene -------------1 00-41-4--------Et hyl benzene __________ _ 
1 00-42-5--------St yr en e ____________ _ 
1330-20-7-------Tot al Xyl enes -----------

FORM I VOA 

Q 

I 

1 .-, ..::. us; 
12 u 
1 ·-:· ..:.. u 
12 u I 

I 

s es~ 
te 7~:1'-lN 

6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 

12 :u 
6 :u 
6 :u 

12 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u I 

I 

6 :u 
6 ·u"""'f""' I ....., 

6 :u 
12 IU 
12 IU 

6 :u 
6 :u 
6 IU 
6 IU 
6 :u 
6 :u 
6 :u 

~ 170 
1/87 F.~ev. 
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1E 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: CEIMIC CORP 
·~~~~~~-------------- Contra~:t: 680'30028 

EPA SAMPLE NO. 

BHE05 

IL3b Code: CEIMIC Case N r:r • : 1 5 ·3 4 1 SAS N1:1. : SDG N1:1. : BHE04 
Matrix: (soil/water) 

I Sam p 1 e 1,.,. t I v 1:1 1 : 

~Level: Cl~:~wlmed) 

% Moisture: not dec. 

SOIL 

5.0 

LOW 

(pack/cap) PACK 

INumber TICs f r:1und: 

l_ab Sample ID: ·~10113-0'.? __ _ 

( g I mL) L2b File ID: 

D2t e F.:er:: e i ved: 

Date Analyzed: 03/05/91 

D i 1 uti r:1n Far: to.,.·: .:.1...:.•..;;0;....._ __ 

CONCENTRATION UNITS: 
Cug/L or ug/Kgl UG/KG 

1: : : : : : : CAS NUMBER : COMPOUND NAME : RT : EST. CONC. : Q : :================:============================:========:=============:=====: I 

~~---

I 
I 
I 
I 
I 
I 
I 
I 
I 
I FORM I VOA-TIC 

--------------------·-·---······. 

I ---1 

1 /87 F.:ev. 



I 1A 
EF'A SAMPLE NO. VOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE06 Name: CEIMIC CORP 
68D'30028 

~~ab Code: CEIMIC ------ Case No:•. : 15'341 SAS No.: SDG No:o.: BHE04 
Matrix: (soil/waterl 

lampl e •...1t /vol: 

$OIL 

5.0 (g/mL) 

Lab Sample I D: 

Lab File ID: 

Date F.~e·: e i ved: 

Date Analyzed: 

level: ( 1 ow/med) 

~ Moisture: not dec. 

LOW 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cpack/cap) PACK 

CONCENTRATION UNITS: CAS NO. COMPOUND Cug/L or ug/Kg:> UG/KG 

7 4-87 -3---------Ch l•:•r •=•met han e ________ _ 74-83-'3---------Br •:•mc•met hane _________ _ 75-0 1-4---------Vi ny1 Ch 1 or ide ________ _ 75-00-3---------Ch l•:.r C•et han e _________ _ 75-09-2---------Methylene Chloride _____ _ 6 7-64-1---------A·: et •:•ne ____________ _ 75-15-0---------Car b•:•n D i sul fide _______ _ 75-35-4---------1 ~ 1-Di•:hl•:•r•:•ethene _____ _ 75-34-3---------1 ~ 1-Dichl o:•r•:•ethane _____ _ 540-59-0--------1,2-Dich1oroethene (total) 6 7-66-3---------Ch 1•:•r •=• f •:•r m __________ _ 107-06-2--------1, 2-Di•:h1 o::or•:•ethane _____ _ 78-93-3---------2-Butanone 
-~---------7 1 -55-6---------1 , 1 ~ 1-Tr i ·= h l•:•r r:•et han e ____ _ 56-23-5---------Carbc•n Tetra•:hl•:•r ide ____ _ 1 08-05-4--------v i ny1 A•: et ate ________ _ 75-27-4---------Br o:•mc•d i •: h l•:•r •:•met h ane ____ _ 78-87-5---------1, 2-Di·:hl•::tro:•prr:•pane _____ _ 1 0061-01-5---:----c i s-1, 3-Di•:h1 or•:•pr-opene __ _ 7'3-01-6---------Tr i c h l•:.r •::oet hen e _______ _ 124-48-1--------D i br- •:•mcu:h 1 or C•met hane ____ _ 7'3-00-5---------1, 1, 2-Tr i·:hl•:•r•:•ethane ____ _ 71-43-2---------Benzene --------------1 0061-02-6------Trans-1, 3-D i •:h I r:•rr:•pr •:•pene __ : 75-25-2---------Bromoform ------------1 08-1 0-1--------4-Met h y I -2-Pen t an•:•n e ____ _ 5'31-78-6--------2-Hex anc•ne __________ _ 127-18-4--------Tetra•:h1r:•r•:•ethene ______ _ 7"3-34-5---------1. 1, 2, 2-Tetra•:h1 oro:oethane __ : 1 08-88-3--------T·:•l uen e ____________ _ 108-90-7--------Chlorobenzene 

1 00-41 -4--------Et h y I benzene _________ _ 100-42-5--------Styrene 
1330-20-7-------T·:•tal Xyl enes ____ , ____ _ 

FORM I IJOA 

'310113-03 

E3220 

02/28/'31 

03/06/91 

12 
12 
12 
12 

6 
18 

6 
6 
6 
6 
6 
6 

12 
6 
6 

12 
6 
6 
6 
6 
6 
6 
6 
6 
6 

12 
12 

6 
6 
6 
6 
6 
6 
6 

Q 

I 

;u-r
:u 
:u 
:u 

;A!f- (.......... I 

~_:t.-'-
:u 
:u 
:u 
u 
u 
u 
u 
u 
u 

:u 
:u 
:u 
u 
u 
u 
u 

~6 
.u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 

1/87 F.:ev. 



I 1E 
EPA SAMPI_E NO. 

I 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

L3b Name: CEIMIC CORP 

1-e,b Code: Case No.: 15'341 

Matrix: (soil/water) 

lamp l e wt /vol: 

level: (lr::rw/med) 

~ Moisture: not dec. 

~OIL 

5.0 

LOW 

(pack/cap) PACK 

TICs found: 

(g/mL) 

BHE06 Contract: 68D90028 

SAS Nr:r.: SDt3 No.: BtlE04 

Lab Sample ID: '31 0 11 3-03 

Lab File ID: E3220 

Date F~e·: e i ved: 02/28/'31 

Date Analyzed: 03/06/'31 

Dilutir:rn Fa•:tr:rr: 1.0 -=-=--=------

CONCENTRATION UNITS: 
(ug/L or ug/Kgl Ut3/KG 

•==~~==~~=~:~====:========~~==~~~~=~:::=======:===::===:==:::~=~~~~~=:==~= : 1. 000000 : Un knr:rwn : 25. '32 : 5. 8: J/1// I 2. 000000 :C10H160 isomer 28.77 28 :J~ 

1 
I 
I 
I 
I 
I 
I 
I 
I 

---

178 f" • • 

--·l ··: __ ._ 
-.. 

I 
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I· 1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

CE_I M I C ,-:ORP . ----------------
BHE07 

Contract: 68D90028 'ab f\Jame: 

lab c.:,de: Case No.: 15'~41 SAS Nc •. : SDG Nc•. : BHE04 

MatYix: (soil/water) 

l<:~mol e ,,...t /v•:•l: 

level:. C1ow/med) 

h Mo1s~ure: not dec. 

SOIL 

5.0 

LOW 

14 

Lab 

(g/mLJ G Lab 

Date 

Date 

Sample ID: ·~10113-04 

Fi 1 e ID: E3221 

Re•: ei ved: 02/28/'31 

Analyzed: 03/06/91 

Cpad::/cap) PACK D i 1 Lt t i •:tn Fact •:•r : .:.1...:.·-=o ___ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kgl UG/KG 

74-87-3---------Ch1oromethane -------------------74-83-9---------Bromomethane ---------------------75-01-4---------\)i n y 1 Ch 1 •:•r ide ________________ __ 
75-00-3---------Ch 1 •:•r •:ret hane ______ _ 
75-09-2---------Met h y 1 ene Ch 1 •:•r ide--·----------
57 -64-1---------A·: et erne ____________ _ 
75-15-0---------Carbon Disulfide -------------
75-35-4---------1 ~ 1-D i •: h 1 •:rr •:ret hene ____________ _ 
75-34-3---------1 ~ 1-Di·:hl or•:rethane ____________ _ 
540-59-0--------1,2-Dichloroethene (total) 
5 7-66-3---------Ch 1 err Cr f ·=·r m ______________________ _ 
107-05-2--------1, 2-D i •: h 1 •:•r •:•et hane ____________ _ 
78-'33-3---------2-Butancrne _________________ __ 
71-55-6---------1 , 1 , 1-Tr i •: h l•:rr •:ret h ane _____ _ 
55-23-5---------Carbon Tetrachloride -------
1 08-05-4--------V in y 1 Acetate-~---------------
75-27-4---------Bromodichloromethane ------78-87-5--------- 1 , 2-D i •: h l•:rr c•p r c•p an e __________ __ 
10061-0 1-5------c i s-1, 3-D i c h 1 C•l" •:•pl" •:tpene ______ _ 
79-01-6---------TYichlol"oethene --------124-48-1--------Dibromochlol"omethane -------
7'~-00-5---------1 , 1 , 2-Tr i •: h 1 err •:ret han e _____ _ 
7 1 -4 3-2---------Benz en e ___ :---::-----:---:----------------
1 0061-02-6------Tr ans-1, 3-D i•:h lr:rr •:rpr •:rpene __ : 
75-25-2---------Bromoform 

=-~~----------------1 08-1 0-1--------4-Met hy 1 -2-Pen tan •:•n e _____ __ 
5'31-78-6--------2-He~.-: an•:•ne __________ __ 
127-18-4--------Tetrachloroethene _ ----------7'3-34-5---------1, 1, 2, 2-Tetrar:hl •=•roethane __ : 
1 08-88-3-----:----Tc•l Lten e _______________________ _ 
1 08-90-7 --------Ch l•:•r r:tb en zen e ______________ _ 
100-41-4--------Ethylbenzene ------------------1 00-42-5--------St yy ene ______________________ _ 
1330-20-7-------Total Xylenes -----------------:--

FORM I IJOA. 

12 
12 
12 
1 -~· .._ 

~_., i 
12 

6 
6 
6 
6 
6 
6 

12 
6 
6 

12 
6 
6 
5 
5 
6 
6 
6 
6 
6 

12 
12 

6 
6 
6 
6 
5 
6 
5 

_:- "Af.t 

Q 

' ' :u ~. .....,j ' 
:u 
:u 
:u 
188.~ 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
: u-::f 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 

n 186 . I '\ 

1/87 F'ev. 
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1E 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Name: CEIMIC CORP Contract: 68D90028 

lab Code: CEIMIC 

Matr i:<: (sc•il /•..Jater) 

12.mole •..Jt/vol: 

Level: (low/med) 

I Moisture: not dec. 

SAS No.: 

SOIL 

LOW 

SDG 

Lab Sample ID: 

Lab File ID: 

Date Received: 

Date Analyzed: 

EPA SAMPLE NO. 

8HE07 

No.: BHE04 

:310113-04 

E3221 

02/28/'31 

03/06/'31 

(pack/cap) PACK Diluti•::tn Factor: ..!:.1..!..•..::.0:__ __ 

lumber TICs found: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
0 Cug/L or ug/Kgl UG/KG 

FORM I t)CJA-T IC: 1/87 F:ev. 



~-----

I lA 
'/OLATILE OP(:iANICS ANALYSI3 DATA ;"3HEET 

lb Name: CFIMIC COF:P Contract: 68030028 
8HE08 

! 3. b C: ,:, de : C: E I M I ~~ Case f'k, • : 

It y· i ·,; : ( ~ o i 1 / '-i at e r ) S 0 I !,.. __ 

SAS No.: SDt3 f'J,:,. : BHE04 

rmpJ.e 

!_evel: ( 1 ':''..J/med) 

5.0 ----

LQl.J 

l_:?.b Sample ID: 

(g/mL) Lab File ID: 

Date Received: 

I Mc,isture: not clec. 14 Date Analyzed: 

Column: 

I 
(pack/cap) PACK 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/Kt3 

I 
74-87-3---------Chloromethane 

I 
7 4-83-'?---------Br om,:,met han e ········---
75-0 1 -.:.1.---------\!i n y 1 Ch 1 ,:,r ide ________ _ 
75-00-3---------Ch 1 ()r •:,ethane _________ _ 
75-03-2---------Methylene Chloride_ ~-

"'' 

'? 10113-05 

E3234 

02/28/31 

03/06/91 

Q 

12 :u 
12 :u 
1 ., . ..:.. :u 
12 :u 

3 I !IJ :.(,~ 
li I 6 7 -64-1---------Ar: et r:'n e ____________ _ 

I \ooOOit 
llik~""'-' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

75-15-0---------Carb':'n Disulfide _______ _ 
7'=':-35-.:.t----------1. ~-Dic!;l :::r::•e~l-.e'"'e ______ _ 
75-34-3---------1,1-Dir:hloroethane 
540-59-0--------1,2-Dichloroethene (total) 
6 7 -E.6-3---------Ch 1 err,:, f ':•r m __________ _ 
107-06-2--------1 '2-0 i r:h lr:=trr.:ret hane ____ ;..._ __ 
78-'?3-3---------2-Butan•:•ne __________ _ 
71-55-6---------1, 1, 1-Tr ir:hl ':'r c'ethane ____ _ 
56-23-5---------Carb':'n Tetrar:hl ':'ride ____ _ 
1 08-05-4--------V i nyl Ac et ate _________ _ 
75-27-4---------Br omr:•d i •: h 1 or r:•met hane _____ _ 
78-87-5---------1, 2-Di,:hl ,:,r•:rprc,pane _____ _ 
10061-0 1-5------c i s-1, 3-Di •:h 1 ,:,r ':•pr•:•pene _____ : 
7'3-01-6---------Tl'" ir:hl ':.l'"•:•ethene _______ _ 
124-48-1--------D i bl'" omcu: h 1·:•1" C•met hane ____ _ 
7'3-00-5---------1, 1, 2-Tl'" i.:hl•::rl'"•:•ethane ____ _ 
71-.:.1.3-2---------Benzene ____________ _ 
1 0061-02-6------Tr ans-1, 3-Di•:hl or•:,propene __ : 
75-25-2---------Bl'" •:•m•:• f •:•l'" m ___________ _ 
108-1 0-1--------4-Methyl-2-F'ent an one ____ _ 
5'31-78-6--------2-He~;anone ____________ _ 
127-18-.:.t--------Tetr.'3•:hl•:rrr:•ethene ______ _ 
79-34-5---------1, 1, 2, 2-Tetra,:hl ':'r':,eth:me __ : 
108-88-3--------Toluene ------·-·-·-·--------
108-90-7--------Ch1orobenzene 
100-41-4--------Ethylbenzene _________ _ 
100-42-5--------~tvrene 
1330-20-7-------T,:rt -:3.1 Xyl enes _________ _ 

---------

5 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 

12 :u 
6 :u 
6 :u 

12 :u 
6 :u 
6 :u 
6 :u 
6 u 
6 u 
6 u 
6 u 
6 u 
6 u 

1-":• .:.. ,u 
12 :u 

6 :u 
6 :u 
6 lU. 
6 :u 
6 :u 
r=:. :u 
c. :u '-J 

----·-·--

"'' ' 
192 

1/87 F~e\l. 
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VOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS Lab Name: CEIMIC CORP 

Contract: 68D90028 

EPA SAMPLE NO. 

BHE08 

I 
I 
I 
I 
I 
I 

Case No.: 1_5'?41 SAS Nc•.: SOt3 f'.J.:,. : BHE04 

Level : ( 1 o•..;/med) LQ~---

(pack/cap) PACK 

Number TICs found: 0 I:. 
I CAS NUMBEP 

COMPOUND NAME 

Lab Samole ID: 

L::~b Fi 1 e ID: 

Date Re•: e i ved: 

Date Analyzed: 

CONCENTRATION UNITS: (ug/L or ug/Kg) ~G/KG 

'310113-05 

E3234 

02/28/91-

03/06/91 

I . 
I RT EST. CONC. Q 

:================!=======================~~~==:========:=============:=====: 

,: __ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ------------· ····-·-

j:"'OPM I VOA- TIC: 
l/87 Rev. 

:I 

ll 
' 



I 1~ E!='~ SAMPLE 1'10. 
')0'-~'TU::: s~·(·~,:or.JICS ~~·~LYSIS DATA S!-JEET 

BHE0'3 
68D'30028 

lab Name: CE!MIC CORP 

lab Code: CEIMTI~···

Matrix: (soil/water) 

C::;se I'Jo. : 15941 SAS No.: SDI3 l'k•. : BHE04 

SOIL Lab Sample ID: '31 0113-06 

lamo l 2 ,,.,..t /vol : 5. (~ ( g/mL) ~~-:j __ Lab F i 1 e ID: E....,-,,..,c:-
~...;...;:;_1 

Level: ( 1 •:1w/med) ~gj-_J- Date F.:e•: e i ved: 02/28/'31 

I Moisture: not dec. _1_Sl_ Date Analyzed: 03/06/'?1 

Di 1 ut i•:•n Factor: 1. 0 .;:;....:......;;........ __ _ 

I 
I 
I 
I 
I 
I 

--I 

I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMF'OUND Cug/L or ug/Kg) UG/KG 

74-87-3---------Chloromethane -------------------74-83-9---------Bromomethane ·-75-01-4---------Vinyl Chlorid~ 
75-00-3---------Chloroethane -------------------75-0'?-2---------Methyl ene Chl r::.r id~-------------
67-64-1---------Acetone --------75-15-0---------Car b1:1n D i sul fide _______ _ 
75-35-4---------1, 1-D i 1: h l~::.r 1:1et hene ________ _ 
75-34-3---------1, 1-D i 1: h 1 or ~::.ethane _______ _ 
540-59-0--------1.2-Dichloroethene (total) 
6 7 -66-3---------Ch l1:1r •:1 f 1:1r m _______________ _ 
107-05-2--------1.2-Di~hloYoeth~n~ --------79-'33-3---------2-But an~:~ne _______________ _ 
71-55-6---------1, 1, 1-Tr i~:hl~::.rc~ethane ____ _ 
56-23-5---------Car b1:1n Tet r a•: h l~:•r ide ____ _ 
108-05-4--------\,/ i ny 1 A·: et ate ______________ _ 
75-27-4---------Br ~:~m·:~d i •: h l•::tr •:•met han e ____ _ 
78-87-5---------1, 2-Di•:hl•::tr•:•pr•:•pane _______ _ 
10061-01-5------c is-1, 3-Di•:hl C•r•:•pr•:•pene ____ _ 
7'3-0 1 -6---------Ti'" i •: h 1 or •:)et hen e ______________ _ 
124-48-1--------Dibr•:•mr:u:hl•::tr•:•methane ____ _ 
7'3-00-5---------1, 1, 2-Tr i·:hl•:•r•:•ethane ____ _ 
71-43-2---------Ben::ene --- ---------------1 0061-02-6------Trans-1, 3-Di •:h l•::trc•pr~:•pene ___ : 
75-25-2---------Br c~m•:1 f c1r m ______________ _ 
108-10-1--------4-Methyl-2-Pentan•::.ne ____ _ 
59!-78-6--------2-Hexanone 
127-18-4--------Tetrachloroethene 
7'?-34-5---------1, 1, 2, 2-Tet r a•: h l1:1r ·:•et hane __ : 
108-88-3--------Toluene ----------------108-?0-7--------Chloroben::ene 
100-41-4--------Ethylben::ene 
100-42-5--------Stvrene 
1330-20-7-------Tot.:tl Xyl enes ____ ___,~---

---------.. -----........ ____________ _ 

FOF.:M I \)QA 

i..rcl 
;~ 

Q 

12 :u 
12 :u 
12 :·u 
12 :u I 

I ·"" .. I BJ ':t_.~ 
<::" I a r , I \.'·-· .... ,.._.~ 
6 u . : 
6 u 
f, u 
6 u 
5 u 
6 u 

1 .-, ..::. u 
6 u 
6 u 

12 u 
6 u 
6 u 
6 u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 u 

12 u 
12 u 

6 u 
f. u 
6 u 
6 lu 
6 :u 
5 :u 
6 :u 

I I 

:.·,ng 
1/87 p,-:2'1. 



1E I VOLATILE ORGANICS ANALYSIS DATA SHEET TENTATIVELY IDENTIFIED COMPOUNDS l::tb N"'me: CEIMIC CO.:...F'"'":P _________ _ 

Lab Code: ~~f;_IJ:::fJ.~~--- Case No.: 

I::~ t t· 1 <: (so i 1 /,..,at eY ) 

l"''mpl e 

Level: 

•,.,1t /vol: 

( l ot,.,~/med) 

SOIL 

5.0 ---·-·--- C:g/mL) r· _., 

SAS No.: SDG 

Lab Sample ID: 

Lab File ID: 

Date F:e.:eived: 

BHE0'3 

No.: BHE04 

'3110113-06 

02/28/91 

Oat e Analyzed: 03/Cl.§./91 

CONCENTRATION UNITS: ltmbeY TICs foLtnd: _o Cug/L or ug/Kg) UG/KG 

! CAS NUMBER : COMPOUND NAME : RT : EST. CONC. : Q : 1================:============================:========:=============:=====: 1 ---------~ 
I I 

I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I:""IJRM I '.JOA-TIC: 

-._----------·····-----~. 

1 /87 F~e'·l. 
___ .. 

. . ·_. 



1.~ 

VOLATILE ORGANICS ~NALYSIS DATA SHEET 

I 
Lab Name: CEIMIC CORP Contract: 68030028 

Case N•:•. : 1. =·?.:.t ~ -------

Matrix: (soil/water) 

lsample •..Jt/vol: 

SOIL L.ab Sample ID: 

( g I mL) r3 l_ab Fi 1 e ID: 

I level: (l,:••..J/med) 

% Moisture: not dec. 

LOt.-_J __ 

Date Analyzed: 

I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 

(pack/cap) PACK 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG 

74-87-3---------Chl•:•r•:•methane ---------
74-83-9---------Bromomethane -------75-01-4---------Vinyl Chloride. 
75-00-3---------Chloroethane ----75-0'3-2---------Methyl ene Chl•:•r ide ______ _ 
6 7 -64-1---------A·: et ·=•n e ____________ _ 
75-15-0---------Carbon Disulfide --------75-35-4---------1,1-Dichloroethene -------75-34-3---------1, 1-Dichloroethane 
540-59-0--------1,2-Dichloroethene (total) 
6 7 -66-3---------:-Ch l•:•r c• f •:•r m __________ _ 
107-06-2--------1, 2-Dichl•:•r•:•ethane ______ _ 
78-93-3---------2-Butanone 
71-55-6---------1, 1, 1-Tr i•:h l•:•r•:•ethane ____ _ 
56-23-5---------Carb•:•n Tetrar:hl •:rr ide ____ _ 
108-05-.:.1--------Vinvl Acetate 
75-27-4---------Br omod i •: h l•:rr•:rmethane ____ _ 
78-87-5---------1, 2-Dir:hl•:rr•:•pr•::rpane ___ ~--
10051-01-5------·: is-1, 3-Dichl~:•roprcopene ___ _ 
79-01-6---------Trichloroethene ---------124-48-1--------D i br~:rmc•r: h l•:rr omethane ____ _ 
7'3-00-5---------1, 1, 2-Tr i•:hlo:or~:•ethane ______ _ 
71-43-2---------Ben::ene -------------1 0061-02-5------Trans-1, 3-Dich l~:~r~:~pr•:•pene __ : 
75-25-2---------Bromoform : 
1 08-1 0-1--------4-Met hy 1 -2-Pen t .an ~:rn e ____ _ 
591-78-6--------2-Hexanone ---· 127-18-4--------Tetrachloroethene -------79-34-5---------1,1,2,2-Tetrar:hloroethane 
108-88~3--------To:oluene ---------------108-90-7--------Chlorobenzene -------------100-41-4--------Ethylben::ene 
1 00-42-5--------St yr ene ----------------
1330-20-7-------Total Xvlenes ---------------·-- .. ---·- .... _________ _ 

FCF:~ ! \r'OA 

(.,; 

::::PA SAMPLE NO. 

BHE10 

'?10113-07 ---
E3236 

02/28/'31 

03/06/91 

Q 

1 1 :u 
11 :u 
1 1 :u 
1 1 :u I 

I .. ,!;!j ~ 
-e ;gj~ 

6 :u 
6 :u 
s :u 
6 :u 
s :u 
6 :u 

11. :u 
5 :u 
6 :u 

1 • :u . -
5 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 

1 1 :u 
1 1 :u 

6 :u 
6 :u 
6 :u 
5 :u 
6 :u 
6 :u 
6 :u 

---

('\ 2fJ6 r.;r.':'.-:.\.' 

t ' . '··,- .. 
~. ' 



1E I VOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

1-:>.b l'l:?.me: ·~~-~--L~IC c:_o_"'-'P"-P ________ _ 

5~ (g/mL) (3 

Level: ( l o:o•..J/med) LOW __ 

I: Moisture: not dec. 13 

-. , ,.o. umn (pack/cap) PACK 

0 

SP.S No.: SDG 

Lab Sample ID: 

Lab File ID: 

Date Pe•:ei ved: 

Date Analyzed: 

CONCENTRATION UNITS: 
(ug/L •:•r ugll<g) UC:i/~~G 

EPA SAMPLE NO. 

BHE10 

Nco. : 

'?10113-07 

E3236 

02/28/'31 

03/06/'31 

1==~=:=~:::::====;========~~==~~~~=~~=========;===~:===;===:::=~~~::=;=====; I I 
I I I I 

1 I 
I I I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r'- ,207 
\ ' 

FORM ! VOA-TIC 1187 R-::>v. 

''""! ... 
: 



~--

1 
1A EF'A SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE11 
Lab t'L?.me: ~~r=.:_rM_."'"r-'-c--=c:....;:.o=R-"P'---------- Contract: 68090028 

SAS N•:•.: SDG l'k•. : BHE04 

Matrix: (soil/water) 

lamp 1 e •..Jt lv•:•l : 

level: ( l•:••..J I med ) 

~ Moi3tu~e~ not dec. 

~QIJ __ _ 

5. Q ( g I mL ) 13 

LO..:..:.t,..J __ 

__ E,, 

( p a•: k I o: ap ) PACK 

Lab Sample ID: 

Lab File ID: 

Date Re•: e i ved: 

I CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ugiL or ugiKg) UGIKG 

I 
I 
I 
I 
.I 
I 
I 
I 
I 

74-87-3---------Chloromethane ---------------74-83-9---------Bromomethane -----------------75-0 1-4---------\)i ny1 Ch 1 or ide ___________ _ 
75-00-3---------Ch1oroethane -----------------75-0'3-2---------MethyJ. ene Chl•:•r ide _____ __ 
6 7-64-1 ---------A·: et c•n e _________ _ 
75-15-0---------Car b•:•n D i sul fide _____________ _ 
75-35-4---------1 ~ 1-Di•:hl•:•r•:•ethene _____ _ 
75-34-3---------1, 1-D i o: h l•::tr •:•et hane _____ _ 
540-59-0--------1,2-Dichloroethene (total) 
57-66-3---------Chloroform ------------------107-06-2--------1, 2-0i•:hl o::or•:•ethane _____ __ 
78-93-3---------2-Butanone ---------------------71-55-6---------1, 1, 1-Tr i•: hl o::.r•:•ethane ____ _ 

' 56-23-5---------Carb•:•n Tetra•:hl•:•r ide ____ _ 
108-05-4--------IJinyl Acet.::~te __________ ___ 
75-27-4---------Bromodichloromethane -----78-87-5---------1; 2-Di•:hl•::.r·~pr•:•pane _____ _ 
10061-0 1-5------·: i s-1, 3-D i c h l•:•r opr r.:•pene __ _ 
79-0 1 -6---------Tr i •: h l·~r c•et h ene -----------

' 124-48-1--------Dibromochloromethane -------7'3-(H)-5---------1, 1, 2-Tr i•:hl•:•r•::oethane ____ _ 
71-43-2---------Benzene _____ . ________ _ 
1 0061-02-6------Trans-1, 3-Dio:h l•::or•:•pr•:•pene __ 
75-25-2---------Br c•mc• form ______________ _ 
108-1 0-1--------4-Methyl-2-Pentan•:•ne ____ __ 
591-78-6--------2-Hexanone -
127-18-4--------Tetrao:hloroethene ----------

1 79-34-5---------1.1,2.2-Tetrachloroethane 
108-88-3--------Toluene ---------------------1 08-90-7--------Ch 1 c•r •:•benz ene _________ ___ 
100-41-4--------Ethylben::::ene _____ _ 
100-42-5--------Styrene 
1330-20-7-------Tot al Xy1 enes ________ _ 

~ 
.,~ 

\ ' 

,... 

•j 10113-08 

02128/'31 

Q]./Or:./'31 

Q 

1 1 :u 
11 :u 
1 1 :u 
11 :u I 

I 

o@ .!I~ )e¥ 
&4 I 85 ~ 
5 :u 
5 :u .,. :u ..J 

5 :u 
5 :u 
5 :u 

1 1 :u 
5 :u 
5 :u 

11 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 

1 1 :u 
1 1 :u 

5 :u 
5 :u 
5 :u .,. 
~· :u 
5 :u 
5 :u .,. 
..J 

I 
I .. ' :u 3 21 

I 
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1E :::P~ SAMPLE NO. I VOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

1:.:\b Name: CE I M I C ,-:Of?:.:..~='--------
.:.:lb C:·:·de: ,_~:EIMIC Case No.~ 

.. at r i :-: : ( so i l /,...,a. t e r ) 3 O_H.,_ 

1- 5'3.:1_1_ 

l::..mple •,..ot/vol: 

I Moisture: not dec. 

Cpack/cap) PACK 

8HE11 
Contract: 68Dg0028 -=---

SAS No.: SDG No.: BHE04 

L?.b Sample ID: '310113-08 

Lab File ID: E?237 

()2/"28/'31 
-· ··-·-~----

Date Analyzed: 03/06/91 

CONCENTRATION UNITS: 
(ug/L or ug/Kgl UG/KG 

1=~:::=~:::::==== ; ========;~::::~~=~==:======= ~ ====~===; ==::~~=::~:~=; ==:==; l I 
I I I I I -····--------···-----·-·-·I - I I I I 

I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 

~OF'M T '·JO~-T!C 1/87 Rev. 



I 1A =:~·A SAMPLE NO. VOLATILE ORGANICS ANALYSIS DATA SHEET 

I Lab Name: CEIM!C CORP 
BHE12 

I L2.b SDI3 l'k•. : BHE04 
Mat·,-- i '':: §Oil , __ .J.b Same 1 S? I D: '? 10 t 13-09 

I Sample -.:..5. () r: g / mL :) 13 Lab File ID: E3238 

Level: rlow/med) 

I X Moisture: not dec. 

I_Q(..J -··--- Date F'e•: e i ved: 021·-::·s1·31 

Date Analy::t::?d: 03/06/31 

I Column: 'pack/cap) PACK Dilutic•n Fa•:tor: 1.0 =-=--=-----

I 
I 

CAS NO. COMPOUND 

74-87-3---------C:hloromethane 
74-83-9---------Bromomethane ---

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG 

75-0 1-4---------\)i. nyl Ch l•:•r ide--------
75-00-3---------Ch l•:'r c•et han e -----------·---

Q 

13 :u . ,.., 
l.:J :u 
13 :u 
13 :u 

I 75-0'3-2---------Methvl ene Chl·:•r ide ______ _ I..,:~ -a· ,!0:1--~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6 7 -64-1---------A,: et •:•n e ____________ _ 
75-15-0---------C.::\r bon D i :sul fide _______ _ 
75-35-4---------1, 1-Dichlc•roethene ______ _ 
75-34-3---------:-1, 1-D i.•:: h 1 or •:•e-1:. hane ______ _ 
540-59-0--------1,2-0ichloroethene (total) 
6 7-66-3---------Ch l·:'r •=• form ___________ _ 
107-06-2--------1, 2-0i,:hl or•:•ethane ______ _ 
78-'33-3---------2-But anon e ___________ _ 
71--55-6---------1,1, 1-Tr i•:hl•:•r•:•ethane ____ _ 
56-23-5---------Carb•:•n Tetra•:hl or ide ____ _ 
1 08-05-4--------\) i nyl A.: et ate _________ _ 
75-27-4---------Br•:•m,:•d i ·= h l•:tr c•met hane ____ _ 
78-87-5---------1 , 2-0 i •: h l•:tr •=·P r op an e _____ _ 
1 0061- 1) 1-5------c i s-1 , 3-D i •= h l•:•r op r •:•p en e ----
79-01-6---------Trichloroethene ---------124-48-1--------Dibromochloromethane -----73-00-5---------1 , 1 , 2-Tr i •: h 1 •:•r •:•et han e ·-----71-43-2---------Ben:: <?.ne ____________ _ 
10061-02-6------Trans-1,2-Dichloroorocene 
75-25-2---------Bromoform ------------108-10-1--------4-Methyl-2-Pentanone 
591-78-6--------2-Hexanone 
127-18-4--------Tetrachloroethene 
79-34-5---------1.1.2.2~Tetra.:hloroethane 
108-88-3--------Toluene --------------------------108-90-7--------Chlorobenzene 
1 00-·:11-4---------Et hy l ben:: -:me ____________ _ 
1 00-42-5--------St vr ene ---·-· . ______ ......... _ ............... ____ .... _____ _ 
1330-20-7-------To-+:.al Yvlen'?.s 

·---·-·_ ........... -------.. ·· ........ _____ .. __ .. ··----- .. ""----·----·--··--.. --------

13 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 

1 '=' ~,_j :u 
6 :u 
6 :u 

13 ~u 

6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
e. !1__1 

E. '!_I I 

6 :u 
13 :u 
13 :u 

6 :u 
6 :u 
6 :u 
6 :u 
6 :u 
f, :u 
6 : '·-' 

- ----
r 

' 22?/87 • • F.:ev. 



I 1E VOLATILE ORGANICS ANALYSIS DATA SHEET TENTATIVELY IDENTIFIED COMPOUNDS l_a.b 1\l=.tme: ~~£.I_~IC (:.c:::O::.:.R.::.:·.P~------ 68D'30028 1·· 2 b c er de : 1_~: t: U:!I~::.:._ __ 
Mat~ix: rsoil/water) 

C'='SE' 

~01_1 __ _ 
Lab Sampl<? ID: 

5. ~) (g/mL) 13 _ Lab File ID: J_evel: (1':''-"'/med) 
Oat e F~e.: e i ved: I M .::1 "i ?.:- t u Y e : n 1:1 t de~: • 21 
Date Analyzed: (pack/cap) PACK 

CONCENTRATION UNITS: ( ur;: /L ,:,r ug /Kg) UG lt·~s_ 

EPA SAMPLE NO. 

8HE12 

8HE04 

·?to 1 12-o·:t 

E3238 

02/28/'31 

0~/06/'31 

I CAS r"-JUMBEF' : COMPOUND NAME : RT : EST. CONC. : Q : 

===============:========~===================!========:=============~=====! I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

221 r 
• 

FORM I '.JOA-TIC 
1/87 Rev. 



I 
I 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE13 
Lab Name: CEIMIC CORP Contract: 68D90028 

ILab Code: CEIMIC Case Nc•. : 15'341 SAS No.: SDG No.: BHE04 

Lab Sample ID: 910113-10 

I
Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 Cg/mL) §___ Lab File ID: ::.E~3=2~~~9~-----

I Level: < l·~w I med ) L::.O:.W~-

I. Moisture: not dec. __lZ 

lcolumn: <pack/cap) PACK 

I CAS NO. COMPOUND 

Date Received: 02/28/91 

Date Analyzed: 03/06/91 

Dilution Factor: ~1~.0~----

CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG Q 

74-87-3---------Chloromethane ________________ _ 12 u 
74-83-9---------Bromomethane ________________ __ 12 u 
75-01-4---------Vinyl Chloride ______________ _ 12 u 

12 u I 
I 

I 
I 

75-00-3---------Chloroethane ________________ __ 
75-09-2---------Methylene Chloride __________ _ ~ -rr? aaUt..J, 

7 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6 7-64-1---------Ac et ·~ne ________________ _ 
' 75-15-0---------Carbon Disulfide ___________ __ 

75-35-4---------1,1-Dichloroethene __________ _ 
75-34-3---------1,1-Dichloroethane _________ __ 
540-59-0--------1,2-Dichloroethene <total) 
67-66-3---------Chloroform ____________ --
107-06-2--------1,2-Dichloroethane __________ _ 
78-93-3---------2-Butanone __________________ __ 

1 71-55-6---------1,1,1-Trichloroethane ______ _ 
56-23-5---------Carbon Tetrachloride ________ _ 
108-05-4--------Vinyl Acetate ________________ _ 
75-27-4---------Bromodichloromethane ________ _ 
78-87-5---------1,2-Dichloropropane __________ _ 
10061-01-5------cis-1,3-Dichloropropene ____ _ 
79-01-6---------Trichloroethene ______________ _ 
124-48-1--------Dibromochloromethane ________ _ 
79-00-5---------1,1,2-Trichloroethane ______ _ 
71-43-2---------Benzene~~--------------------
10061-02-6------Trans-1,3-Dichloropropene __ __ 
75-25-2---------Bromoform ____________________ __ 
108-10-1--------4-Methyl-2-Pentanone ________ _ 
591-78-6--------2-Hexanone __ ~---------------
127-18-4--------Tetrachloroethene ____________ _ 
79-34-5---------1,1,2,2-Tetrachloroethane __ __ 
108-88-3--------Toluene _____________________ _ 
108-90-7--------Chlorobenzene ________________ _ 
100-41-4--------Ethylbenzene ________________ __ 
100-42-5--------Styrene ______________________ __ 
1330-20-7-------Total Xylenes ________________ _ 

FORM I VOA .. 

12 u 
6 u 
6 u 
6 u 
6 u 
6 u 
6 u 

12 u 
6 u 
6 u 

12 u 
6 u 
6 'U 
6 u 
6 u 
6 u 
6 u 
6 u 
6 u 
6 u 

12 u 
12 u 

6 u 
6 u 
6 u 
6 u 
6 u 
6 u 
6 u 

' ' ' 226 
1/87 Rev. 



I 
1E EPA SAMPLE NO. 

I 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTiriED COMPOUNDS 
BHE13 Lab Name: CEIMIC CORP Contract: 68D90028 

lab Co:•de: CEIMIC Case No.·: 15941 SAS Nc•.: SDG No.: BHE04 

Lab Sample ID: 910113-10 
[

trix: (soil/water) SOIL 

ample wt/vol: 5.0 (g/mL) §___ Lab rile ID: E3239 ==;..:... __ _ 
tvel: ( l•::,w I med) =L=OW::.:.-_ Date Received: 02/28/91 
I. Moisture: not dec. __lZ 

'lumn (pack/cap) PACK 

llmber TICs found: ~ 
CAS NUMBER COMPOUND NAME 

Date Analyzed: 03/06/91 

Dilution ractor: ~1~·~0 __ _ 

CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG 

RT EST. CONC. 
:================:============================:========:=============:==~==: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

('., \ 227 
rORM I VOA-TIC 1/87 Rev. 



I 
lA 

I 
\/OLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: 

IL=tb Code: 

Cont r a•: t: 

CEIMIC Case SDG 15'341 SAS i'k•.: 

IMatri:,;: (so:•il/·•.water:> 

Samp 1 e •.wt I VO:•l:: 

Lab Sample ID: 

5.0 (g/mL) t::!.b_ Lab Fi 1 e ID: 

( 1 or;.y/med) LOW Date F.~ eo: e i ved : 

% Moisture: ~ot dec. Date Analyzed: 

lc.:olumn: (paclk:/•:ap) PACK 

I 
I 
I 
I 
I 
I 
I 

'I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS N!J.. COMPOUND Cug/L or ug/Kg) UG/L 

7 4-87 -3---------Ch 1 or omet han e _________ _ 
7 4-83-''31---------Br o:rmeomet han e -------------75-01-4---------Vinyl Chleoride -----------75-00-3---------Ch l•:•r •:•et hane __________ _ 
75-0'3-2---------Met h y 1 en e Ch l•:•r ide ________ _ 
6 7 -64-1---------Ao: et •:•n e ____________ _ 
75-1 S-0---------Ca r b •=•n 0 i SLll fide _______ _ 
75-35-4---------1, 1-D i •: h l•:•r eoet hene _______ _ 
75-34-3---------1, 1-0 i c h 1 or c•et hane ______ _ 
540-59-0--------1,2-Dichleoroethene (total) 
6 7-66-3---------Ch l•::tr eo f •:•r m __________ _ 
107-06-2--------1 , 2-D i •: h l•:•r •:•et han e _______ _ 
78-'33-3---------2-But an•::tne __________ _ 
71-55-6---------1, 1, 1-Tr i •: h 1 eor •:•et hane -----
56-23-5---------Car b•:•n Tet r a•: h l•:•r ide ____ _ 
1 08-05-4--------v in y 1 A·: eta t e __________ _ 
75-27-4---------Br•::tmodichleor•:•methane ____ _ 
78-87-5---------1, 2-Di•:hl•::or•:•pr•:•pane _____ _ 
1 0061-01-5------·: i s-1, 3-D i c h 1 c•r opr c•pene ___ _ 
7'3-0 1-6---------Tr i •: h l•::tr eoet hen e _______ _ 
124-48-1--------Dibromeochl c•r•::tmethane _____ _ 
7'3-00-5---------1 , 1 , 2-Tr i •: h l•::tr •:•et han e ____ _ 
71-43-:2---------Benz ene _____________ _ 
1 0061-02-6------Trans-1, 3-Dichl•::oroprc•pene ___ ___ 
75-25-2---------Br om eo form ____________ _ 
108-1 0-1--------4-Met hyl-2-Pent an•:•ne ______ _ 
591-78-6--------2-Hexanone -----------127-18-4--------Tetra•:hlc•r•:•ethene ______ _ 
79-34-5---------1, 1. 2, 2-Tet r ac h l•::tr •::oet heme __ : 
108-88-3--------Tc•l uene _______________ _ 
1 08-'30-7--------Ch 1 C•r •:•ben:: ene ___________ _ 
1 00-41-4--------Et hyl benzene ___________ _ 
1 00-42-5--------St yr ene ____________ _ 
1330-20-7-------T·:•t al Xyl enes __________ _ 

FORM I VOA 

EF'A SAMPLE NO. 

8HE14 

No. : 8HE04 

'31 0113-11 

F2469 

0"2/28/'31 

03/05/91 

1.0 

Q 

4 :J 
1 :J 

10 :u 
10 :u 
13 :B 
12 .~ 

I <.J 

5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 

10 :u 
5 :u 
5 :u 

10 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 

10 :u 
10 :u 

5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 

r 

' 2~?87 F.~ev. I • 



I 
I 

lE 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

BHE14 
Lab Name: CEIMIC CORP I Lab C·:·de: I_:_E_I_M~I=C~-=-=::.;...:.;I_::_a_s_e_N_•_:,-.-:-1-5-.--~4-. -1 

Contract: 68D90028 

SAS ~k·.: SDG Nco. : BHE04 

I Mat r i ~::: (soi 1 /'.oJater) WATER Lab Sample ID: '310113-11 

Sample wt /vc•l: 5.0 (g/mL) !:::!1_ Lab File ID: F2469 

I Level: ( 1 •:•'"" I med ) L=O-'-'W~- Date Re•: ei ved: 02/28/91 

Date Analyzed: 03/05/91 

1
% Moisture: not dec. 

C·:rlumn (pad~/·:ap) PAC!< Dilution Fact •::.r: .:.1.:..•.;.:;0 __ _ 

I CONCENTRATION UNITS: 
Number TICs f•:•und: _Q_ Cug/L or ug/Kg) UG/L 

I CAS NUMBER COMPOUND NAME RT EST. CONC. Q 
!================:============================:========:=============:=====: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,. ' 233 
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I 
--·-= ·==-..,.--~ 

..• -! 

-~--· ;:_:~~- .. 
lA 

I 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: CEIMIC CORP 

IL=-b c,:,de: CEIMIC Case 

IMatri:r:: (so:til/wate·,.-) 

Samp 1 e wt /vc•l : 

WATER 

5.(1 

ILeve1: ( 1 •::tW I med ) L=O=-W;..;__ 

SAS No.: 

(g/mL) t!h_ 

68D'30028 

Lab Sample ID: 

Lab Fi 1 e ID: 

Date Pe•:e i ved: 

Date Analyzed: 

EPA SAMPLE NO. 

BHE15 

BHE04 

910113-12 

F2470 

02/28/'31 

03/05/91 %Moisture: not dec. 

lc.:.1 umn: ( pa•: k/•: ap) PACK Dilution Fao:tor: 1.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/L 

7 4-87 -3---------Ch 1 •::.r •:•met han e ________ _ 
7 4-83-'3---------Br •::.momet hane _________ _ 
75-01-4---------Vinyl Chloride _______ _ 
75-00-3---------Chloroethane ------------75-0'3-2---------Met hyl ene Ch l•:•r ide _____ _ 
67-64-1---------Acetc•ne ___________ _ 
75-15-0---------Carbon Disulfide -------
75-35-4---------1, 1-Dio:hl or•::.ethene _____ _ 
75-34-3---------1, 1-0i•:hlorc•ethane _____ _ 
540-5'3-0--------1,2-0ichloroethene Ctotall 
·6 7-66-3---------Ch 1 or •:t form __________ _ 
1 07-06-2--------1 , 2-0 i c h l•:•r oet han e _______ _ 
78-'33-3---------2-But an one __________ _ 
71-55-6---------1, 1, 1-Tr ichl•::.r•:.ethane _____ _ 
56-23-5---------Carbc•n Tetrachl •:•r ide _____ __ 
1 08-05-4--------v i ny 1 A•: eta t e ________ _ 
75-27-4---------Br •:tmod i c h 1 c•r c•met hane _____ __ 
78-87-5---------1, 2-0ichl or•:.prc•pane _______ _ 
10061-0 1-5------c i s-1, 3-0 i c h 1 or •:tpr opene __ _ 
7'3-0 1-6---------Tr i c h 1 or oet hene _______ _ 
124-48-1--------0ibromochloromethane ____ _ 
7'3-00-5---------1 , 1 , 2-Tr i c h 1 •::tr c•et han e ___ _ 
71-43-2---------Ben:zene 

-=~~~~-------1 0061-02-6------Trans-1, 3-D i •:h 1•:•r•::.pr•:.pene __ : 
75-25-2---------Bromoform ------------1'08-1 0-1--------4-Met hy 1-2-Pen tan •:tn e ____ _ 
591-78-6--------2-Hexanone -----------127-18-4--------Tetrach1oroethene -------79-34-5---------1, 1, 2, 2-Tetrach1 •:•rc•ethane __ 
108-88-3--------To 1 uene _____________ _ 
108-90-7--------Ch1oroben:zene ----------

1 100-41-4--------Ethylben:zene -------------100-42-5--------Styrene --------------1330-20-7-------Tcot a1 Xyl enes ________ _ 

FORM I VOA 

Q 

.-. J ..::. 

10 u 
10 u 
10 u 

6 B 
7 J 
5 u 
5 u 
5 u 
5 u 
5 u 
5 .u 

10 :u 
5 :u 
5 :u 

10 :u 
5 :u 
5 :u 
5 lU 
5 :u 
5 :u 
5 u 
5 u 
5 u 
5 u 

10 u 
10 u 

5 u 
5 u 
.5 u 
5 u 
5 u 
5 u 
5 u 

r -u--
v' \ 2.4 

1/87 Pev. 



__ ... ,. .. ~,.,,.,_. 

I 
1E EPA SAMPLE NO. 

I 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
BHE15 

Lab Name: CEIMIC CORP C•:•ntract: 68D'30028 

llab Code: CE!MIC Case 

I Mat r i ~,;: ( S•:oi 1 /water) 

Samp 1 e wt /vo:•l: 

WATEF: 

5.0 

15'341 

(g/mL) ~ 

ILevel: ( 1 ow I med )L :.:::.O:..:.W __ 

%Moisture: not dec. 

I C•:•l Ltmn ( pa•: k /•: ap) PACK 

I 
Number TICs fo:•und: ___Q_ 

I :: . CAS NUMBER COMPOUND NAME 

SAS No:•.: SDG BHE04 

Lab Sample ID: '310113-12 

Lab File ID: F2470 

Date Re•:ei ved: 02/28/'31 

Date Analyzed: 03/05/'31 

D i 1 u t i •:•n F a•: t •:)r : ..:.1~·...;.:0'----

CONCENTRATION UNITS: 
Cug/L or ug/Kg) UG/L 

RT EST. CONC. Q 

:================!============================:========:============~:=====! 1: __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:. \ 241 
FORM I VOA-TIC 1/87 Rev. 



-· -- . __ ·_.;,..;:_:t •"·-! 

__ I 

1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Name: ~.E: I ~.:..;I::...;C=-. -'-=-::-=0-'-'R"-P ____ _ Contract: 68D90028 

Code: C'=-IMIC Case Nc•. : 15'34 L SAS No.: SDG 

Matri:,;: (so:•il/•..Jater) WATER l_ab Sample ID: 

lamp 1 e ~,o,~t /v•:•l: 5.0 (g/mL) t::!h:__ Lab File ID: 

Date Re•:e i ved: Level: ( l•:•w/med) =L.:OC!.W:___ 

I Mer i st ur e: nr:rt de•:. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Date Analyzed: 

( pa•: k/•: ap) PACK 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg> UG/L 

7 4-87-3---------Ch l•:•r •:•met han e ________ _ 
7 4-83-'3---------Br •:•m·~met hane _________ _ 
75-0 1-4---------v in y 1 Ch l•:•l" ide ________ _ 
75-00-3---------Chlol"oethane · -------------75-09-2---------Methyl ene Chl·~l" ide _____ _ 
6 7 -64-1---------Ac et ·~n e _____________ _ 
75-15-0---------Car b·~n D i sul fide _______ _ 
75-35-4---------1 ~ 1-Di•:hl•:•r·~ethene _____ _ 
75-34-3---------1 , 1-D i r.: h l•='r c•et han e _____ _ 
540-59-0--------1,2-Dichloroethene (total) 
67-66-3---------Chloroform ----'-'--------107-06-2--------1, 2-Dir:hl•:•r•::.ethane _____ _ 
78-93-3---------2-Butanone ---------------71-55-5---------1, 1, 1-Tl" i •: h l•:tl" •:•et hane ____ _ 
56-23-5---------Cal"br.:•n Tetl"a•:hl•:•l" ide ____ _ 
108-05-4--------Vinyl A•:etate _____________ _ 
75-27-4---------Bromodichlol"omethane ------78-87-5---------1 , 2-D i •: h l•::rr •::rp r •='P an e _____ _ 
10061-0 1-5------•: i s-1, 3-D i c h 1 c•l" opr opene ___ _ 
7'3-0 1-6---------Tl" i r.: h l•:tr oet hene _______ _ 
124-48-1--------Dibl"r.:•mochl•::tl"C•methane ____ _ 
79-(H)-5---------1, 1, 2-Tl" i•:hl•::tl"•:tethane ____ _ 71-43-2---------Benzene ____________ _ 
10061-02-6------Trans-1, 3-Di·:hl•:tl"•::tPr•::rpene __ : 
75-25-2---------Bl" •::tm•:r f •:tl" m ____________ _ 
108-10-1--------4-Methyl-2-Pentan•:•ne _____ _ 
591-78-6--------2-Hexanone ___________ _ 
127-18-4--------Tetl"a•:hlor•::rethene ______ _ 
7'3-34-5---------1, 1, 2, 2-Tetl"achl•::tr•:•ethane __ : 
1 08-88-3--------T·:•l uen e _______________ ;;....... __ 
108-90-7--------Chlol"obenzen~ 
100-41-4--------Ethylbenzef"'e ________ _ 
100-42-5--------Styl"ene 
1330-20-7-------Tot al Xyl enes ____________ _ 

FOF.:M I ~iOA 

I 1 . ._, 

EPA SAMPLE NO •. 

BHE16 

Nc•.: BHE04 

'310113-13 

F2471 

02/28/'31 

03/05/'31 

Q 

10 :u 
10 :u 
10 :u 
10 :u 

8 :§.. 
10 ::r 

5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 

10 :u 
5 :u 
5 :u 

10 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 :u 
5 ·u 
5 u 
5 u 
5 u 

10 u 
10 u 

5 u 
5 u 
5 u· 
5 u 
5 u 
5 u 
5 u 

,. 
( 248 I 
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I 
I J Name: 

lE 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

~~EIMIC CORP Contract: 68D90028 

EPA SAMPLE NO. 

BHE16 

Case No:o. : SAS No.: SDG l'k•.: BHE04 

Lab Sample ID: :310113-13 

5.0 (g/mL) t1b_ Lab Fi 1 e ID: F2471 

Date Re•:e i ved: 02/28/'31 

Date Analyzed: 03/05/'31 

Level: ( l•:ow/med) L=O=W::..;__ 

1.: Moisture: not de•:. 

(pack/cap) PACK D i 1 u t i •:•n F a•: t •:or : .::.1..;:,. • ....;,0 __ _ 

IJumber TICs f•xtnd: ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
(ug/L or ug/Kg:> UG/L 

FORM I \)OA-T I C 

.I 
1~----------------------

249 
1/87 Rev. 



I 
I 

_ab 

.I 

1B SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Name: CEIMIC CORP 
Contract: 68090028 Code: CEIMIC Case No.: 15941 SAS Nc1.: 

EPA SAMPLE NO. 

BHE04 

SDG No.: BHE04 :lrix: Cs~:.il/water) SOIL 
Lab Sample ID: 910113-01 ample wt/vol: 30.4 (g/mL) G __ __ Lab File ID: A-7-=3=2-7 ____ __ ( 1 ow/med) LOW =;..;..__- Date Received: 02/28/91 Mc1isture: not dec. ___.2 dec. ,;la~:ti~::.n: <SepF/Cont/Sonc) 

Date Extracted: 03/09/91 
Date Analyzed: 04/06/91 :·1 Cleanup: <YIN) t'L_ pH: 6.5 Dilution Factor: ~1~-~o ____ _ 

I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: <ug/L or ug/Kg) UG/KG Q 

108-95-2--------Phenol 
360 u5 

111~44-4--------bis<2-Chloroethyl>Ether 360 U J : 
95-57-8---------2-Chlorophenol 

360 U : 
541-73-1--------1,3-Dichlorobenzene 

360 U~ l I 106-46-7--------1,4-Dichlorobenzene ~ *"14-.· 0~...-._i._.~~,..<~.tJ~o.J: 
100-51-6--------Benzyl Alcohol 

360 UJ 
95-50-1---------1,2-Dichlorobenzene 

360 U; 
95-48-7---------2-Methylphenol 

360 U r 
I 108-60-l--------bis<2-Chloroisop'l"opyl >Ether_ 360 U}.: 

: 106-44-5--------4-Methylphenol 
360 Uf 

l 621-64-7--------N-Nityoso-Di-n-P'I"opylamine_ 360 u} 111
l 67-72-1---------Hexachlo'l"oethane 

360 U~ 
'38-95-3---------Ni tl"obenzene 

360 UU i.1.· 

: 78-59-1---------Isophorone____________________ 360 I 1:1 
88-75-5---------2-Ni trophenol 

360 U t 105-67-9--------2,4-Dimethylphenol 
360 Ud 

1 65-85-0---------Benzoic Acid 
1800 UJ~ l

l 111-91-1--------bisC2-Chloroethoxy)Methane___ 360 U~~f 
120-83-2--------2,4-Dichlorophenol 

360 U l 
120-82-1--------1,2,4-Trichlorobenzene 360 U ~ 

: 91-20-3---------Naphthalene 
360 U I I 106-47-8--------4-Chl oroanil ine 
360 U f 

87-68-3---------Hexachlorobutadiene 
360 utj 

l 59-50-7---------4-Chlo'l"o-3-Methylphenol 360 · ui I 91-57-6---------2-Methylnaphthalene 
360 U; 

77-47-4---------Hexachlorocyclopentadiene ____ : 360 U . · 
I 88-06-2---------2,4,6-Trichlorophenol 360 uP : '35-95-4---------2,4,5-Trichlorophenol i800 U! I 91-58-7---------2-Chloronaphthalene 

360 lUll 
88-74-4---------2-Nitroaniline 

1800 lU • 
: 131-11-3--------Dimethyl Phthalate 

360 lU \. 1208-96-8--------Acenaphthylene ·· 
360 :U:13' · ~2 

606-20-2--------2, 6-Din i tl"oto..l. uene 
360 1 Lf :u 

I I 

~--------------------------------------~--------- --------------1 I I FORM I SV-1. 1/87 Rev. 



I 
1C EPA SAMPLE NO. 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE04 
'"ame: CEIMIC CORP Contract: 68090028 I .ab Code: CEUUC Case Nc•. : 15941 SAS No.: SDG No.: BHE04 

Matrix: <soil/water) SOIL Lab Sample ID: '310113-01 

Sample wt/vol: 30.4 Cg/mLl §...__ Lab Fi 1 e ID: A7327 
I 
I Level: < l•:3W/ med) LOW Date Received: 02/28/91 

I. Moisture: not dec. ___2 dec. Date Extracted: 03/09/91 I Extraction: <SepF/Cont/Soncl ~ 

6.5 

Date Analyzed: 04/06/91 

Di 1 ut ion Factor: 1 
GPC Cleanup: (Y/Nl M__ pH: 

CONCENTRATION UNITS: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO!. COMPOUND Cug/L or ug/Kgl UG/KG 

'39-09-2---------3-N it roan i 1 i ne _______ _ 
83-32-9---------Acenaphthene ____________ __ 
51-28-S---------2,4-Dinitrophenol ___________ _ 
100-02....:7--------4-Nitrophenol _____________ _ 
132-64-:3--------D i benz o fur an---------------121-14-2--------2,4-Dinitrotoluene ________ _ 
84-66-2---------Diethylphthalate ________ __ 
7005-7:2-'3-------4-Chlorophenyl-phenylether_ 86-73-7---------Fluorene ____________ _ 
100-01-6--------4-Nitroaniline __________ __ 
534-S2-!·--------4, 6-Din i tro-2-Methyl phenol_: 
86-30-6---------N-Nitrosodiphenylamine <1>_: 
101-55-3--------4-Bromophenyl-phenylether_: 118-74-1--------Hexachlorobenzene ____________ _ 
87-85-5---------Pentachlorophenol _________ _ 
85-0 1-B·---------Phenant hr ene ____________ __ 120-12-7--------Anthracene _________________ _ 
84-74-2---------Di-n-Butylphthalate ________ _ 206-44-Q--------Fluoranthene ___________ __ 129-00-:0--------Pyrene ____________ _ 
85-68-·7---------Butyl benzyl phthalate ________ _ 
91-94-1!.·---------3, 3'-Dichlorobenz idine ______ _ 
56-55-3---------Benzo(alAnthracene ______ ~---218-01-9--------Chrysene __________________ _ 
117-81-7--------bisC2-EthylhexyllPhthalate_ 
117-84-o--------Di-n-Octyl Phthalate ________ _ 
205-99-2--------Benzo(blFluoranthene --------207-08-'9--------Benzo(k)Fluoranthene _______ _ 
50-32-9---------Benzo<alPyrene ____________ __ 
1'33-39-S-------- I ndeno ( 1, 2, 3-c d) Pyr ene ______ _ 
53-70-3--------Dibenz<a,hlAnthracene ______ __ 
191-24-2--------Benzo<g,h,i)Perylene ________ _ 

1) -Cannot be separated from Diphenylamine-

FORM I SV-2 

1800 
360 

1800 
1800 
360 
360 
360 
360 
360 

1800 
1800 
360 
360 
360 

1800 
43 

360 
44 

120 
160 
360 
730 

61 
150 
120 
360 
180 
110 
67 
72 

360 
69 

1.0 

Q 

;u-1 
:u 
:u 
:u 
:u 
u 

~ \ 

~ i 
u ! 

~1 
G·s 
J 
J 
J u1 
u 
J 
J 

~1 
J 
J 
J 

c·1 
J 

1/87 Rev. 



I 
I 

.me: 

1F" 
~EMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIF"IED COMPOUNDS 

CEIMIC CORP Contract: 68D90028 

EPA SAMPLE NO. 

BHE04 

I .I C·:·de: CEIMIC Case Nc•. : 15'341 SDG Nc•. : BHE04 

[atr b;: (soil /•..,ater) SOIL 

Sample wt/vol: 30.4 C:g/mL) §__ 

Lab Sample ID: '310113-01 

Lab File ID: A7327 

Jevel: ( l•:•w/med) LOW ='-'--- Date Re•: ei ved: 02/28/91 

I. MoistLtre: not dec. ----.:2. dec. Date E:.-;tracted: 03/09/'31 

lxt r a•: t i •::.n: ( SepF /C•:•nt /Sene) Date Analyzed: 04/06/91 

113PC CleanLtp: <YIN) ti._ pH: 6.5 Di 1 Ltt ion Factor: 1.0 

CONCENTRATION UNITS: 
(Ltg/L or Llg/Kg) UG/KG 

~~===~==~~=~====== 
I 

I~ 
I 

I 
I 

I; 
I 
I 

li 
I 
I 
I 
I 
I 
I 
I 

1. 000000 
. ., ..... 000000 
3. 000000 
4. 000000 
5. 123422 
6. 000000 
7. 000000 
e. 000000 
'3. 000000 

COMPOUND NAME RT 
============================:======== 
C6H 1 00 i sc•mer 
Unknown 
C6H100 isomer 
Unknown 
2-Pentanone, 4-Hydroxy-4-Met 
C7H120 isomer 
Unknc•wn 
Aliphatic hydrocarbon 
Aliphatic hydrocarbon 

5.02 
5. 10 
5.27 
5.60 I 

6.37 
7.43 
7. '32 

36.01 
38.64 

EST. CONC. Q 

========;:~==~ 
1200 ~ 

720 ~ 
1800 .i6IIJ" 

47000 .~ 
3100 UiRI'" 
1800 ~ 
3000 ~ 

430 >~!'!!' 

FORM I SV-TIC 1/87 Rev. 



I 
18 

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET I 

BHE05 -
b Name: CEIMIC CORP Contract: 68090028 
lc•:•de: CEIMIC Case No.: 15'341 SAS No. : SDG No. : BHE04 j..Jix: <soil/water) SOIL Lab Sample ID: 910113-02 ,, l e wt /val: 30.4 (g/mL) a__ Lab File ID: A~7~~~~~~~~8 ____ __ 

<l•::.w/ med) L=.O::;W:..:..__ Date Received: 02/28/91 1oistLlre: nr::1t dec. __lZ dec. Date Extracted: 03/09/91 :l.ct ion: <SepF/Cont/Sonc) Date Analyzed: 04/06/91 
::.leanLlp: <YIN) ~ pH: 5.2 Dilution Factor: 

CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG I 

I 

CAS NO. COMPOUND 

1 08-'35-2--------Phen•::.l ____________ _ 111-44-4--------b is <2-Chl or~:oethyl) Ether ___ _ 95-57-8---------2-Ch 1 or •:.phenol _______ _ 541-73-1--------1,3-Dichlorobenzene _______ _ 

400 
400 
400 
400 

1.0 

Q 

I 

;~· 

~~ 1 
:u,CJ I 

I -106-46-7--------1, 4-Dichl•::.robenzene _______ _ I 100-51-6--------Benzyl Alcc~hol _______ _ 
Yeo ~aQ .. I B~"'-J I 

uj , 400 , '35-50-1---------1, 2-Dichl•::.robenzene _____ _ 400 u 
400 u 
400 u I 

' l 
400 u ,, 
400 u \ 
400 u I 

1 400 u ! 
400 :u \ 

: 95-48-7---------2-Methylphenol ________ _ I 108-60-1--------b is <2-Chl or1:oi s•::.propyl )Ether __ 106-44-5--------4-Methylphenol _________ _ : 621-64-7--------N-Nitroso-Di-n-Propylamine ___ I 67-72-1---------Hexachloroethane 98-95-3---------Nitrobenzene _____________ __ 1 78-59-1---------Isophorone ___________ __ 

400 :u 

' 400 :u ; 
1900 :u 

: 88-75-5---------2-Nitrophenol ____________ _ I 105-67-'3-----:...--2, 4-Dimethyl phenol _____ _ 65-85-0---------Benzoic Acid ________________ __ 111-91-1--------bis<2-Chloroethoxy)Methane __ _ 400 :u 
400 :u 
400 :u 
400 lU 

I 120-83-2--------2,4-Dichlorophenol __________ _ 
1 

120-82-1--------1,2,4-Trichlorobenzene ______ _ , 91-20-3---------Naphthalene ________________ _ 

400 'U 
400 u 
400 u 

1 106-47-8--------4-Chloroaniline ______________ _ I 87-68-3---------Hexachlorobutadiene ____ __ 1 59-50-7---------4-Chloro-3-Methylphenol __ _ : '31-57-6---------2-Methylnaphthalene ______ __ 400 u 
400 u 
400 u 

177-47-4---------Hexachlorocyclopentadiene ____ l 88-06-2---------2,4,6-Trichlorophenol : : 95-95-4---------2,4,5-Trichlorophenol ______ __ 1900 u 
400 u 

1900 u 
400 u \ 

400 u ; I 

400 ~~J1§9o 
I 

191-58-7---------2-Chloronaphthalene 88-74-4---------2-Nitroaniline ____________ _ 1 131-11-3--------Dimethyl Phthalate _________ _ : 208-96-8--------Acenaphthylene _____________ __ 1606-20-2--------2, 6-Din i trotoluen~------~---

I FORM I SV-1 1/Si 
~ \.t. 



I 
1C 

EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET I 
BHE05 Name: CEIMIC CORP Contract: 68D90028 

CEIMIC 15'341 SDG No.: BHE04 

1rix: C:scdl/water) SOIL Lab Sample I D: '310113-02 
:tmple wt/vol: 30.4 (g/mL) §._ Lab File ID: A7338 

( 1 ow I med ) L:..D:.W;.;.__ Date Re•:eived: 02/28/91 
M•::ristLtre: nc•t dec. _lZ dec. Date Extracted: 03/09/91 

:la•:ti.::.n: CScopF/C•::rnt/Sonc) SONC Date Analyzed: 04/06/91 
:>~Cleanup: <YIN) !L_ pH: 5.2 Dilution Factor: ~1~.~0 ____ _ 

CONCENTRATION UNITS: CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG I 
I 

9'3-09-2---------3-N it r •:ran i 1 in e _______ _ 83-32-9---------Acenaphthene ___________ __ 51-28-5---------2,4-Dinitrophenol _________ __ 100-02-7--------4-Nitrophenol _____________ _ 132-64-9--------Dibenzofuran _____________ __ I 121-14-2--------2,4-Dinitrotoluene _______ __ ' 84-66-2---------Diethylphthalate __________ __ 

I 
I 
I~ 

I 
I 

I; 
I 
I 

I~ 
I 

I 
I 

1: 

I 

7005-72-3-------4-Chlorophenyl-phenylether __ _ 86-73-7---------Fluorene __________________ ___ 100-01-6--------4-Nitroaniline __________ __ 534-52-1--------4, 6-Din i tr··::r-2-Methyl phenol __ _ 86-30-6---------N-Nitrosodiphenylamine (1) __ _ 101-55-3--------4-Br•::rmophenyl-phenylether _ 119-74-1--------Hexachlorobenzene ____________ _ 87-86-5---------Pentachlorophenol ____________ _ 85-01-8---------Phenanthrene ________________ __ 120-12-7--------Anthracene __________________ __ 84-74-2---------Di-n-Butylphthalate ________ __ 206-44-0--------Fluoranthene ________________ __ 129-00-0--------Pyrene ______________________ __ 85-68-7---------Butylbenzylphthalate _______ _ '31-94-1---------3,3'-Dichlorobenzidine ______ _ 56-55-3---------Benzo(a)Anthracene __________ _ 218-01-9--------Chrysene ___________________ ___ 117-81-7--------bis<2-Ethylhexyl)Phthalate ___ 117-84-0--------Di-n-Octyl Phthalate ________ _ 205-99-2--------Benzo(b)Fluoranthene ________ _ 207-08-9--------Benzo(k)Fluoranthene ________ _ 50-32-8---------Benz o <a) Pyr ene_· ______________ _ 1'33-39-5-------- I ndeno ( 1, 2, 3-c d) Pyr ene ______ _ 53-70-3---------Dibenz<a,h)Anthracene ____ _ 191-24-2--------Benzo<g,h,i)Perylene _____ _ I 1) - Cannot be separated from Diphenylamine 

I FORM I SV-2 

1'300 
400 

1900 
1900 
400 
400 
400 
400 
400 

1900 
1900 
400 
400 
400 

1'300 
46 

400 
400 
99 
77 

400 
800 

42 
62 
52 

400 
60 
42 

400 
400 
400 
400 

Q 

:u 
:u 
:u 
:u 
:u 
:u 
:u 
'U 
u 
u 
u 
u 
u 
u 
u 
J, : 
U-~ 
u.J 
J 

~:r 
u:J 
J. 
J 

~·~ 
J. 
J .. 
.u~: 
:u.1· 
: uj' 
:uj' 
I 

t ~9 1 l I 
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I 
I 

1F 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

.o Name: CEIMIC CORP 68D'30028 

Lb C.:•de: CEIMIC Case 15'341 SAS No:•.: SDG 

a~ t )'" i X: ( SO:• i 1 I water ) 

:)amp 1 e wt lv~:~l : 

SOIL 

30.4 C:glmL) §____ 

Lab Sample ID: 

Lab Fi 1 e ID: 

tvel: ( l•::.w I med) =L=OW~- Date F.:eceived: 

;~ Mc•istLlre: n•:•t de•:. ____lZ dec. Date E:dracted: 

( SepF ICo::.nt /S•::.n•:) Date Analyzed: 

EPA SAMPLE NO. 

BHE05 

Nc •• : BHE04 

'310113-02 

A7338 

02/28/'31 

03/0'31'31 

04106/'31 

··c Cleanup: <YIN) ri__ pH: Di 1 ut ic•n Factor: 1.0 

mber TICs found: 
CONCENTRATION UNITS: 
<ug/L or ug/Kgl UG/KG 

' CAS NUMBEF~ 

II=============== 
i 1. 000000 

I 2. I 

I ...., 
..:.. 

4. 
5. 

I 6. 
7. 
8. 

I '3 

.l1o: 
I 11. 
I 12. I 

113. 
14. 

I 15. I 

:116. 
17. 

: 18. 
I 1'3. I 

:120. 
21. 

I 
I 

I 
I 
I 
I 

22. 

000000 
123422 
000000 
000000 
000000 
000000 
000000 
000000 
000000 
57114 
638664 
000000 
000000 
000000 
124254 
70'38228 
000000 
638664 
000000 
000000 
000000 

COMPOUND NAME RT 
============================:======== 
C7H 14 i SC•mer 
Unknown 
2-Pentanone, 4-Hydroxy-4-Met: 
Unkn•:•wn 
Unknown 
Unkn•::.wn 

.Unknown 
Unkn•:•wn 
Unknown 
Unkn•::.wn 
Octadecanoic acid <'3CI) 
0•: t ade•: anal < '3CI) 
Aliphatic hydrocarbon 
Aliphatic hydrocarbon 
Unknown 
Tetradecanal CACNJ<'3CI> 
Tetratetracontane <8CI'3CIJ 
Unkn•:.wn 
Octadecanal C'3CI) 
Aliphatic hydrocarbon 
Unknown 
Unkn•:.wn 

FOF:M I SV-TIC 

5.05 
5.58 
6.33 
7.88 

16.62 
24. 17 
24.'30 
25.72 
26.47 
26. 6'3 
28.42 
31.32 
33.'37 
35.'3'3 
36.77 
37.81 
38.64 
40. 1'3 
41.22 
42.33 
42. 4'3 
42.'34 

EST. CONC. Q 
=============:=====: 

1300 ~ R._: 
1700 .~ 

3 4 (l () 0 .lJ#III!!" 
1300 ,J,.W"" 
520 ~ 
360 -~ 

~~~ .r:; 
400 ~ 
240 .. ,~J 
550 :J~ 
320 :J~ 

2tgg -~ 1 . 
1300 -~ Tl 
360 :IJ?{ 

2700 J.fll 

1;~~ ~r 
1500 ~I! t. 
1300 ~II!. fl... 
320 ~~ "' 

'392 

1187 Rev. 



I 
lB 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
EPA.-ftA.M~~f NO. 

~ t ._.r ... • ;ty .. :~ I 
BHE06 

~-:~ Name: CE I M I C CORP 

~ Code: CEIMIC Case 

68D'30028 

15941 SAS No.: SDG Nc1. : BHE04 

:'. . ' . -tp·· (soil/water) SOIL Lab Sample ID: '310113-03 

:.mple wt /vc:~l: 3C). 3 (g/mL) §__ Lab File ID: A7321 

=ll: C l•::.w I med ) LOW Date Received: 02/28/91 -
risture: not dec. 15 dec. Date Extracted: 03/09/91 

-~ r a•: t ion: <SepF/Cont/Sonc) SONC Date Analyzed: 04/05/91 

=-1 Cleanup: CY/N) ti_ pH: 5. 1 Di 1 ut ion Fact•::Jr: .:..1.:.... 0;:;..-__ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG 

108-95-2--------Phenol 390 ------------------------111-44-4--------bis(2-Chloroethyl)Ether ____ _ 390 
'35-57-8---------2-Ch 1 or ophenol _________ _ 390 

390 
._310 "-120 

541-73-1--------1,3-Dichlorobenzene _______ _ 
106-46-7--------1,4-Dichlorobenzene _______ _ 
100-51-6--------Benzyl Alcohol ________ _ 390 
'35-50-1---------1, 2-Dichlorobenzene _______ _ 390 
'35-48-7---------2-Methylphenol ___________ _ 390 
1 08-60-1--------b is< 2-Ch 1 oro i sopr •::JP y 1 ) Ether __ 390 
106-44-5--------4-Methylphenol ____________ _ 390 
621-64-7--------N-Nitroso-Di-n-Propylamine __ _ 390 
67-72-1---------Hexachloroethane __________ _ 390 
'38-'35-3---------N it r obenz ene _________ _ 3'30 
78-5'3-1--------- I sophor one _________ _ 390 

390 
390 

88-75-5---------2-Nitrophenol ____ ~-----------
1 05-57-'3--------2, 4-Dimethyl phenol ______ __ 
65-85-0---------Benzoic Acid ___________ _ 1900 
111-91-1--------b is <2-Chl oroethc•xy) Methane __ 390 
120-83-2--------2, 4-Dichl orophen•::.l _________ __ 390 

' 120-82-1--------1,2,4-Trichlorobenzene _____ _ 390 
'31-20-3---------Naphthalene ____________ _ 390 
106-47-8--------4-Chloroaniline __________ _ 390 
87~68-3---------Hexachlorobutadiene _____ _ 390 
59-50-7---------4-Chloro-3-Methylphenol ____ _ 390 
'31-57-6---------2-Methylnaphthalene ______ _ 390 
77-47-4---------Hexachlorocyclopentadiene __ __ 390 

1 88-06-2---------2,4,6-Trichlorophenol ____ _ 390 
95-95-4---------2,4,5-Trichlorophenol _____ _ 1'300 
91-58-7---------2-Chloronaphthalene _____ _ 390 
88-74-4---------2-Nitroaniline ___________ _ 1900 
131-11-3--------Dimethyl Phthalate _______ _ 390 
208-'36-8--------Ac enaphthyl ene ________ _ 390 
606-20-2--------2, 6-D in i t·r •::Jt•::Jl uene _________ _ 390 

I··· FORM I SV-1 
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I 
lC EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

I 
BHE06 

~b Name: CEIMIC CORP C·:.nt r a•: t: 68D'30028 

"I CEIMIC Case Nc•. : 15'341 SAS No.: SDG No.: BHE04 

lri:,;: (sc•illwater) SOIL Lab Sample ID: '310113-03 

3mpl e wt lvc•l: 30.3 (glmL) §_____ Lab File ID: A7321 

lel: ( l•::.w I m ed )L =. O:.W;.:__ Date Re•: ei ved: 021281'31 

Moisture: 

.:lr a•: t i •:.n : 
Date Extracted: 0310'31'31 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Date Analyzed: 04105/'31 

Cleanup: <YIN) rL_ pH: 5. 1 Dilution Factol": 1.0 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L Ol" ug/Kg) UGIKG Q 

/ 
··"; 

'3'3-0'3-2---------3-N it roan i 1 i ne ________ _ 1'300 : u ',; 
83-32-'3---------Acenaphthene ___________ _ 3'30 :u 
51-28-5---------2,4-Dinitl"ophenol ___________ _ 1'300 :u 
100-02-7--------4-Nitl"ophenol _____________ __ 1900 ·u 
132-64-'3--------Di benzo fur an _____________ _ 3'30 u 
121-14-2--------2,4-Dinitrotoluene _________ __ 
84-66-2---------Diethylphthalate ____________ _ 

390 u 
I 3'30 u 

7005-72-3-------4-Chlol"ophenyl-phenylethel" __ 390 u I 

' I 86-73-7---------Fluorene _________________ __ 3'30 u ~ ' 100-0 1-6--------4-N it l" oan i 1 i ne ________ _ 1'300 u 1 
534-52-1--------4,6-Dinitl"o-2-Methylphenol ___ : 1'300 u 
86-30-6---------N-Nitl"osodiphenylamine (1) ___ : 390 u 
101-55-3--------4-Bl"omophenyl-phenylethel" ___ : 390 'U 
118-74-1--------Hexachlol"obenzene ____________ _ 390 u 
87-86-5---------Pentachlorophenol ___________ _ 1'300 u 
85-01-8---------Phenanthl"ene ______________ _ 390 u 
120-12-7--------Anthl"acene ________________ _ 390 u 
84-74-2---------Di-n-Butylphthalate _________ _ 390 u 
206-44-0--------F"luoYanthene ___________ _ 390 u 
129-00-0--------PyYene ________________________ _ 390 u 
85-68-7---------Butylbenzylphthalate _____ __ 390 u 
'31-94-1---------3, 3' -D i c h 1 oY obenz i dine ____ _ 780 u 
56-55-3---------Benzo(a)Anthl"acene _________ __ 390 u 

390 u 
390 u i 

218-0 1-'3--------Ch l" ysene ___________________ __ 
117-81-7--------bis(2-Ethylhexyl)Phthalate __ _ 
117-84-0--------Di-n-Octyl Phthalate _______ __ 390 .u I 205-9'3-2--------Benz o (b) F"l uol" ant hene ____ __ 3'30 :u r. 
207-08-9--------Benzo ( k) F"l uol" a.othene ____ __ 390 :u : ~ 
50-32-8---------Benzo(a)PyYene_ .. _____________ _ 390 :u .. 
1'33-39-5--------Indeno<1,2,3-cd)PyYene _____ __ 390 :u ·j 

I 

390 ;~:1 390 

53-70-3---------Dibenz(a,h)Anthy-acene ________ _ 
191-24-2--------Benzo<g,h,'i)Pel"ylene ____ __ 

. I .,. 
\ • . (1) - Cannot be sepaYated fy-om Diphenylamine 428 

I FORM I SV-2 1187 Rev. 



I 
I 

1F 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

3b Name: CEIMIC CORP Contract: 68D90028 

EPA SAMPLE NO. 

BHE06 

.1 Code: CEIMIC Case No:o. : 15'341 SAS Nco.: SDG No.: BHE04 

l
·i:'t;: (soil/water) 

;;, le wt/vc•l: 

SOIL 

30.3 

t=l: ( 1 •:JW I med ) L:..O::.W:..;__ 

not de•:. ___.12 

(g/mL) §_____ 

dec. Me• i stLtr e: 

·-~~act i•::.n: CSepF/Cont/Sonc) 

Lab Sample ID: '310113-03 

Lab File ID: A7321 

Date F~e·: e i ved: 02/28/91 

Date E:,;tracted: 03/09/91 

Date Analyzed: 04/05/91 

:=j Cleanup: CY/N) ~ pH: 5. 1 D i 1 Ltt ion Fac tc•r: 1.0 

CONCENTRATION UNITS: 
er TICs f •:•und: ____.§.. Cug/L or ug/Kgl UG/KG 

.CAS NUMBEF.: : COMPOUND NAME : RT 
41f=============:============================:======== 

1. 000000 :Unknown · : 5.02 

t: 
5. 

I 
I 
I 
I 
I 
I 
I 
I 

000000 
123422 
000000 
000000 

: Unkncown 
:4-Hydroxy-4-methyl-2-pentano: 
: Unkn•::own 
:C10H1002 isomer 

5.53 
6.32 
7.85 

15.79 

EST. CONC. Q 
=============:===1f: 

1100 ~ fio...l 

1'300 .:_~ ~· 
54000 -~· : 

1 700 :-!r.f : 
3200 ~. : 

' --------------'----' 

I FORM I SV-TIC 1/87 Rev. 
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I 
1B 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
EPA S.AMPLE NO. 

; .. 
. '.: ~ } 

BHE07 
Name: CEIMIC CORP Contract: 68D90028 

CEIMIC Case No.: 15'341 SAS Nco.: SDG No.: BHE04 

ltrix: (soil/water) 

"3ampl e wt /v•:•l: 

SOIL 

30.4 Cg/mL) §___ 

Lab Sample ID: '31 0113-04 

Lab File ID: A7322 

Jvel: C l•:•w/med) LOW 
=~--

Date Received: 02/28/91 

~: M•:•istLtre: 

ltra•:t ion: 

ncot dec. _1§. dec. 

CSepF /Cont /S•;:Jnc) SONC 

Date Extracted: 03/09/91 

Date Analyzed: 04/05/91 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cleanup: CY/N) !L_ pH: 4 .., . ~ Dilution Factor: ~1~.0~----

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kgl UG/KG 

1 08-'35-2--------Ph en o 1 -------------
111-44-4--------b is <2-Chl or•::.ethyl) Ether __ __ 
'35-57-8---------2-Ch 1 or ophen•:ol _______ __ 
541-73-1--------1,3-Dichlorobenzene _____ _ 
106-46-7--------1, 4-Dichlor•;:Jbenzene _____ _ 
100-51-6--------Benzyl Alcohol _______ _ 
'35-50-1---------1, 2-Dichl orobenzene _____ _ 
'35-48-7---------2-Methylphenol _________ __ 
108-60-1--------b is <2-Ch 1 or•;:J i s•:.pr•:opyl) Ether_, 
106-44-5--------4-Methylphenol _______ _ 
621-64-7 --------N-N it r oso-D i-n -Pr •:.p y 1 amine __ : 
67-72-1---------Hexachloroethane ______ __ 
'38-'35-3---------N it r obenz ene _____________ _ 
78-59-1---------Isophorone ________________ _ 
88-75-5---------2-Nitrophenol ________ _ 
105-67-9--------2,4-Dimethylphenol _______ _ 
65-85-0---------Benz o i c Acid ___________ _ 
111-91-1--------bisC2-Chloroethoxy)Methane __ : 
120-83-2--------2,4-Dichlorophenol _____ _ 
120-82-1--------1,2,4-Trichlorobenzene ____ _ 
'31-20-3---------Naphthal ene _________ _ 
106-47-8--------4-Chloroaniline ________ _ 
8.7-68-3---------Hexachlorobutadiene _____ _ 
59-50-7---------4-Chloro-3-Methylphenc•l ___ _ 
'31-57-6---------2-Methyl naphtha! ene _____ _ 
77-4 7-4---------Hexac h 1 or oc yc lo::.pent ad i ene_: 
88-06-2---------2,4, 6-Tr ichl•;:Jrophenol _____ _ 
95-'35-4---------2, 4, 5-Tr ichl or•:ophenol _____ _ 
'31-58-7---------2-Chl•::oronaphthalene ______ _ 
88-74-4---------2-Nitroaniline ----------131-11-3--------Dimethyl Phthalate _____ _ 
208-96-8--------Acenaphthylene _______ __ 
606-20-2--------2, 6-Din i trc•t•::ol uene _______ __ 

FORM I SV-1 

3'30 
390 
390 
390 

yc ....ae 
390 
390 
390 
390 
390 
390 
390 
3'30 
390 
390 
390 

r 

'' ' 

1900 
390 
3'30 
3'30 
3'30 
390 
3'30 
3'30 
390 
390 
390 

1900 
390 

1900 
3'30 
3'30 
3'30 
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I 
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lC 
I 
I 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

ab Name: CEIMIC CORP C·::.ntra•:t: 

I Code: CEIMIC Ca·:;e No.: 15'341 SAS Ncr.: 

SOIL 1r i :r;: (s•::.i 1 /water) 

ample wt/vol: 30.4 Cg/mL) G __ 

( 1 •::.w I med ) L::.O=.W~-

MoistLtre: not dec. ---1.§. dec. 

CSepF /Co::rnt /Sonc) 

68D'30028 

SDG 

Lab Sample ID: 

Lab File ID: 

Date Received: 

Date Extracted: 

Date Analyzed: 

EPA SAMPLE NO. 

BHE07 

Nc•. : BHE04 

'31 0113-04 

A7322 

02/28/91 

03/09/91 

04/05/91 

Cleanup: (Y/N) ~ pH: 4.2 Dilution Factor: 1.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

'39-0'3-2---------3-N it r •:.an i 1 in e ________ _ 
83-32-'3---------Ac enapht hene _________ _ 
51-28-5---------2,4-Dinitrophenol ___________ _ 
1 00-02-7 --------4-N it r c•phenol ----------
132-64-9--------D i benz •::. fur an _________ _ 
121-14-2--------2, 4-Din i trotcrl uene _________ __ 
84-66-2---------Diethylphthalate ___________ __ 
7005-72-3-------4-Chlorophenyl-phenylether __ . _ 
86-73-7 ---------Fl ur::rr ene ___________ _ 
100-01-6--------4-Nitroaniline _____________ __ 
534-52-1--------4, 6-Din i tr•::r-2-Methyl phenol __ _ 
86-30-6---------N-Nitrosodiphenylamine (1) __ _ 
1 01-55-3--------4-Br•::.mophenyl-phenyl ether __ __ 
118-74-1--------Hexachlorobenzene ____________ _ 
87-86-5---------Pentachl or•::.phenol ___________ _ 
85-01-8---------Phenanthrene _________ _ 
120-12-7--------AnthYacene __________ _ 
84-74-2---------Di-n-Butylphthalate _________ _ 

, 206-44-0--------F"luoranthene _________ _ 
12'3-00-0--------Pyr ene _____________________ _ 
85-68-7---------Butylbenzylphthalate ____ _ 
'31-'34-1---------3, 3' -0 i c h 1 or obenz i dine ____ _ 
56-55-3---------Benz•::. (a) Anthracene _________ _ 
218-01-9--------Chrysene ------------117-81-7--------bis<2-Ethylhexyl)Phthalate __ _ 
117-84-0--------Di-n-Octyl Phthalate ___ ~--
205-99-2--------Benzo(b)Fluoranthene -----207-08-'3--------Benz C• ( k) Fluor ant hene ____ _ 
50-32-8---------Benz•::. (a) Pyrene ___________ __ 
193-39-5--------Indeno(1,2,3-cd)Pyrene _____ __ 
53-70-3---------Dibenz<a,h)Anthracene ______ _ 
1'31-24-2--------Benz o ( g, h, i) Per yl ene _____ _ 

(1) - Cannot be separated from Diphenylamine 

FOF~M I SV-2 



I -~· ····"---~,= 

18 EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

I BHE08 \b Name: CEIMIC CORP Contract: 68090028 

Case N~::.. : 15941 SAS No.: SDG No.: BHE04 

'·i(i:r.: <soil/water) SOIL Lab Sample ID: 910113-05 

:>.ltle wt/vc1l: 30.1 (g/mL) G __ Lab File ID: ~A~7~3~6~0 ___ __ 

~rl = 
<1 ow I m ed ) L::.O::.W:.;.__ Date Received: 02/28/91 

Moisture: nc•t dec. 15 dec. Date Extracted: 03/09/91 

·;I act i•::.n: <SepF/Cont/Sonc) Date Analyzed: 04/07/91 

::.~Cleanup: <YIN) ~ pH: 4.8 Dilution Factor: ~1~·~0 ____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg> UG/KG 

108-95-2--------Phenol ______________________ ___ 390 1 111-44-4--------bis<2-Chloroethyl)Ether ____ __ 390 95-57-8---------2-Chlorophenol ______________ __ 390 
541-73-1--------1,3-Dichlorobenzene ________ __ 
106-46-7--------1,4-Dichlorobenzene __________ _ 

390 
~c} :;Iii 

100-51-6--------Benzyl Alcohol ______________ __ 390 95-50-1---------1,2-Dichlorobenzene __________ _ 390 95-48-7---------2-Methylphenol ______________ _ 390 
108-60-1--------bis<2-Chloroisopropyl>Ether __ 390 
106-44-5--------4-Methylphenol ______________ __ 390 
621-64-7--------N-Nitroso-Di-n-Propylamine ___ 390 67-72-1---------Hexachloroethane ____________ __ 390 98-95-3---------Nitrobenzene ________________ __ 390 78-59-1---------Isophorone __________________ __ 390 88-75-5---------2-Nitrophenol ________________ _ 390 105-67-9--------2,4-Dimethylphenol __________ __ 390 65-85-0---------Benzoic Acid ________________ __ 1900 
111-91-1--------bis<2-Chloroethoxy>Methane ___ 390 

1 120-83-2--------2,4-Dichlorophenol __________ __ 390 
120-82-1--------1,2, 4-Tr ichlorc•benzene _____ _ 390 91-20-3---------Naphthalene __________________ _ 390 
106-47-8--------4-Chloroaniline ______________ _ 3'90 
87-68-3---------Hexachlorobutadiene ________ __ 390 
59-50-7---------4-Chloro-3-Methylphenol ____ __ 390 
91-57-6---------2-Methylnaphthalene ________ __ 390 
77-47-4---------Hexachlorocyclopentadiena ____ l 390 
88-06-2---------2,4,6-Trichlorophenol ______ __ 390 '35-95-4---------2,4,5-Trichlorophenol ______ __ 1900 
91-58-7-----~---2-Chloronaphthalene ________ __ 390 
88-74-4---------2-Nitroaniline ________ ~------ 1900 131-11-3--------Dimethyl Phthalate __________ _ 390 208-96-8--------Acenaphthylene __ · ____________ __ 390 
606-20-2--------2,6-Din~trotoluene __________ _ 390 

FORM I SV-1 
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1C I 
I 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

~b Name: CEIMIC CORP Contract: 68090028 

EPA SAMPLE NO. 

BHE08 

I Co:ode: CEIMIC Case No.: 15941 SAS Nc•.: SDG No.: BHE04 

?.trix: <:soil/water) SOIL Lab Sample ID: 

lle wt/vol: 30.1 (g/mL) §___ Lab File ID: 

yl= ( l•;:JW/ med) LOW Date Received: 

Moisture: not dec. dec. Date Extracted: 

:-Jact ion: <SepF /Cont /Son•:) Date Analyzed: 

?C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cleanup: (Y/N) ~ pH: 4.8 Dilution Factor: 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kgl UG/KG 

'39-09-2---------3-N it roan i 1 i ne _______ _ 
83-32-9---------Acenaphthene ________ __ 
51-28-5---------2,4-Dinitrophenol ______ _ 
100-02-7--------4-Nitrophenol __________ _ 
132-64-'3--------Dibenz•:.furan ________ __ 
121-14-2--------2, 4-D in it rot ol Llene _____ _ 
84-66-2---------Diethylphthalate ______ __ 
7005-72-3-------4-Chlorophenyl-phenylether __ _ 
86-73-7---------Fluorene ___________ ___ 
100-01-6--------4-Nitroaniline _______ _ 
534-52-1--------4,6-Dinitro-2-Methylphenol ___ : 
86-30-6---------N-Nitrosodiphenylamine (1) ___ : 
101-55-3--------4-Bromophenyl-phenylether __ : 
118-74-1--------Hexachlorobenzene ______ _ 
87-86-5---------Pentachlorophenol _______ _ 
85-01-8---------Phenanthrene _____________ __ 
120-12-7--------Anthracene __________________ __ 
84-74-2---------Di-n-Butylphthalate _____ __ 
206-44-0--------Fluoranthene ___________ __ 
129-oo-o--------Pyrene _____________________ _ 
85-68-7---------Butylbenzylphthalate ____ _ 
'31-94-1---------3, 3' -D i c h 1 or obenz i dine ____ _ 
56-55-3---------Benzo(a)Anthracene ______ _ 
218-01-9--------Chrysene _________________ ___ 
117-81-7--------bis<2-Ethylhexyl)Phthalate __ 
117-84-0--------Di-n-Octyl Phthalate ______ _ 
205-'39-2--------Benzo<blFluoranthene _____ _ 
207-08-9--------Benzo(k)Fluoranthene _____ _ 
50-32-8---------Benzo<a)Pyrene __________ __ 
193-39-5--------Indeno<1,2,3-cd)Pyrene _____ _ 
53-70-3---------Dibenz<a,h)Anthracene ____ __ 
191-24-2--------Benzo<g,h,i)Perylene _____ _ 

(1) - Cannot be separated from Diphenylamine 

FORM I SV-2 

-------------------------·--------

910113-05 

A7360 

02/28/91 

03/09/91 

04/07/91 

1.0 

Q 



I 
I 

.b Name: 

lF 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

CEIMIC CORP Contract: 68D90028 

EPA SAMPLE NO. 

8HE08 

lb C•:•de: CEIMIC Case N•:.. : 15'341 SAS Nc•.: SDG No.: 8HE04 

I
• itri:.;: (s•:Jil/water) SOIL 

~ mpl e wt /v•:•l: 30. 1 Cg/mL) §___ 

Lab Sample ID: '31 0113-05 

Lab File ID: A7360 

( l•:Jw/med) LOW 
=~-

Date Received: 02/28/'31 

I. Moisture: not dec. 15 dec. Date Extracted: 03/09/91 

< SepF /C.;:.nt /Sonc) Date Analyzed: 04/07/91 

IC Cleanup: <YIN) ~ pH: 4.8 Di 1 ut ion Factor: 1.0 

CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG 

iJ:~==~~:~::====~=========~:=~~~~=~~::======= 
1. 000000 'Unknown 

' ~ 000000 Unknown ;I i: 141797 3-Penten-2-one, 4-methyl- (8 
: 4. 000000 Unknown 

I 
I 
I 
I 
I 
I 

123422 
000000 

2-Pentanone, 4-Hydroxy-4-Met 
Unkn•;:.wn 

RT 
======== 

4.08 
4.73 
5.07 
5.55 
6. 18 
7.85 

I 
I FOF:M I SV-TIC 

EST. CONC. Q 
=============:=~=== 

2 7 0 .'Jilttf It 
470 :Jilt!/l. 

1 '300 : JNf A 

470 ~~: 
15000 ~J 

230 ~ I 

1/87 Rev. 

--



I~,-~---= 
1B EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET I 

BHE09 _ab Name: CEIMIC CORP Contract: 68D90028 

Ca~.ie No.: 15941 SAS No.: SDG No.: BHE04 

Lab Sample ID: 910113-06 
i~rix: Cs~::.il/water) SOIL 

3 ple wt/vol: 30.5 Cg/mL) §..__ Lab File ID: ~A~7~3~2~4~-----
.,el: <low/med) LOW Date Received: 02/28/91 
: Moisture: not dec. --1.§. dec. Date Extracted: 03/09/91 

<SepF/Cont/Sonc) Date Analyzed: 04/05/91 
iPC Cleanup: (Y/N) ~ pH: 

I 
5.0 Dilution Factor: ~1~.~0 ____ _ 

CONCENTRATION UNITS: CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q I 
I 
I 
I 
I 
I 

108-95-2--------Phenol _____________ __ 
I 111-44-4--------bis(2-Chloroethyl)Ether ___ __ 95-57-8---------2-Chlorophenol ______________ __ 541-73-1--------1,3-Dichlorobenzene ________ __ 106-46-7--------1,4-Dichlorobenzene ________ __ 100-51-6--------Benzyl Alcohol ______________ __ 95-50-1---------1,2-Dichlorobenzene ________ __ 95-48-7---------2-Methylphenol ______________ _ 108-60-1--------bis<2-Chloroisopropyl>Ether __ 1 106-44-5--------4-Methylphenol ______________ _ 621-64-7--------N-Nitroso-Di-n-Propylamine ___ 67-72-1---------Hexachloroethane ____________ __ 98-95-3---------Nitrobanzena ________________ __ 78-59-1---------Isophorone __________________ __ 88-75-5---------2-Nitrophenol ________________ _ 105-67-9--------2,4-0imethylphenol __________ __ 65-85-0---------Banzoic Acid ________________ _ 

111-91-1--------bis<2-Chloroethoxy>Methane ___ : 

I 
120-83-2--------2,4-0ichlorophenol __________ __ 1 120-82-1--------1,2,4-Trichlorobenzene ______ _ 91-20-3-------- Naphthalene __________________ _ 106-47-8--------4-Chloroaniline ______________ _ I 87-68-3---------Hexachlorobutadiene ________ __ 59-50-7---------4-Chl oro-.3.-Methyl phenol ___ __ 91-57-6---------2-Methylnaphthalene ________ __ 

I 77-47-4---------Hexachlorocyclopentadiene_ 88-06-2---------2,4,6-Trichlorophenol ______ __ 
95-95-4---------2,4,5-T~ichlorophenol ______ __ 91-58-7---------2-Chloronaphthalene ________ __ 88-74-4---------2-Nitroaniline ______________ __ 131-11-3--------Dimethyl Phthalate __________ _ 

I 
208-96-8--------Acenaphthylene ______________ __ 606-20-2--------2,6-Dinitrotoluene __________ __ 

YQO 

I I. 

;u~--' 
I"• 

400 
400 :u : 400 :u : 
400 : ;__) : 
1&i$" 1 e:JU~..j': 
400 :u1 
400 u· 
400 u 
400 u 
400 u 
400 u 
400 u 
400 lu 
400 u. 
400 u 
400 u 

2000 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 .u 
400 u 
400 u 
400 u 
400 u 

2000 u 
400 u 

2000. u 
400 u ; 

~ 400 Uo 
400 ~v Ji I 

I FORM I SV-1 1/87 Rev. 
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1C EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE0'9 
Name: CEIMIC CORP Contract: 68D'90028 

CEIMIC Case No.: 15'341 SAS No.: SDG No.: BHE04 

ltri:t:: (S•:)il/water) 

3ample wt/vol: 

SOIL 

30.5 

Lab 

(g/mL) Lab 

Sample ID: 910113-06 

File ID: A7324 

lvel: ( l•::.w/med) LOW Date Received: 02/28/91 

Date Extracted: 03/09/91 : MoistLLre: not dec. ~ dec. 

lra•:tion: <SepF/Cont/Sonc) 

f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Date Analyzed: 04/05/91 

Cl eanLLp: <YIN) ~ pH: 5.0 Di 1 ut ion Factor: 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg> UG/KG 

99-0'3-2---------3-N it roan il i ne _______ _ 
83-32-·3---------Ac enapht hene ________ _ 
51-28-5---------2,4-Dinitrophenol ________ _ 
100-02-7--------4-Nitrophenol ___________ _ 
132-64-9--------Dibenzofuran __________ _ 
121-14-2--------2,4-Dinitrotoluene _____ __ 
84-66-2---------Diethylphthalate ________ __ 
7005-72-3-------4-Chlorophenyl-phenylether ___ 86-73-7---------Fluorene ____________________ __ 
100-01-6--------4-Nitroaniline _________ __ 
534-52-1--------4,6-Dinitro-2-Methylphenol ___ : 
86-30-6---------N-Nitrosodiphenylamine (1) ___ 1 
101-55-3--------4-Bromophenyl-phenylether ____ : 
118-74-1--------Hexachlorobenzene __________ _ 
87-86-5---------Pentachlorophenol __________ _ 
85-01-8---------Pnenantnrene ________ _ 
120-12-7--------Antnracene __________________ __ 
84-74-2---------Di-n-Butylpnthalate __________ _ 
206-44-0--------Fluoranthene ______________ __ 
129-00-0--------Pyrene _______________________ _ 
85-68-7---------Butylbenzylphthalate ________ _ 
91-94-1---------3,3'-Dichlorobenzidine ______ _ 
56-55-3---------Benzo<a>Anthracene ________ __ 
218-01-9--------Cnrysene _______________ ____ 
117-81-7--------bis<2-Ethylhexyl)Phthalate __ 
117-84-0--------Di-n-Octyl Phthalate_. ______ __ 
205-'39-2--------Benzo <b) Fl uoranthene _______ _ 
207-08-9--------Benzo(k)Fluoranthene ________ _ 
50-32-8---------Benzo(a)Pyrene ____________ __ 
193-39-5--------Indeno<1,2,3-cd)Pyrene ______ _ 
53-70-3---------Dibenz <a, h) Anthra•:ene ___ __ 
1'31-24-2--------Benz o < g, h, i) P.er y 1 ene ______ _ 

(1) - Cannot be separated from Diphenylamine 

FORM I SV-2 

2000 
400 

2000 
2000 

400 
400 
400 
400 
400 

2000 
2000 

400 
400 
400 

2000 
400 
400 
400 
400 
400 
400 
810 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

1.0 

Q 
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.• ~~· 
I 1F EPA SAMPLE NO. 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
BHE0'3 

~b Name: CEIMIC CORP Contract: 68D90028 

·I C·:•de: CE I M I C Case N.:o.: 15'341 SAS No.: 

'triY." (s~::oil/water) SOIL 

.. 11 ~ • wt /v•:1l: 30.5 (g/mL) !a_ 

'11: (l.:ow/med) LOW 

Mc1isture: nc•t dec. _j_§_ 

:la~:t ion: 

'C Cleanup: 

I 

<SepF /Cont /S•::on•:) 

(Y/N) t'i_ 

dec. 

pH: 5.0 

SDG No.: BHE04 

Lab Sample ID: '31 0113-06 

Lab File ID: A7324 

Date Received: 02/28/'31 

Date Extracted: 03/09/'31 

Date Analyzed: 04/05/'31 

Di 1 ut ion Factor: 1.0 

CONCENTRATION UNITS: 
tier TICs found: _6_ Cug/L or ug/Kgl UG/KG 

•

"":AS NUMBER 
~ ============= 

• 141797 
·") 
..:... 

1: 
5. 

r· 
I 
I 
I 
I 
I 
I 
I 
I 

000000 
123422 
000000 
000000 
000000 

COMPOUND NAME 
============================ 
4-Methyl-3-penten-2-one 
Unknown 
4-Hydroxy-4-methyl-2-pentano 
Unknown 
Aliphatic hydrocarbon 
Unknown 

FORM I SV-TIC 

RT EST. CONC. Q 
========:=============:===== 

5. 02 : 520 : J tf a 
5. 58 : 1200 :.w-~ 
6.33 39000 :~J 
7. 87 1200 ",M-

33.97 280 .~ 
38.81 23000 ·~. : 

I I -------1 I 

.,.. 
I, ' 
p 

1/87 Rev. 
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I 

18 EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE10 Lab Name: CEIMIC CORP 68D'30028 

llab Code: CEIMIC Case No.: 15'341 SAS No.: SDG No.: BHE04 

IMatri:r.: (s.::.il/water) SOIL Lab Sample ID: '310113-07 

Sample wt/v•:•l: 30.4 (g/mL) L_ Lab File ID: A7361 

lt-evel: ( l .::ow/med) LOW =-..;,.;.,___ Date Re•:e i ved: 02/28/'31 

I. M•:•isture: n•:.t dec. 13 dec. Date E:r.tracted: 03/0'3/'31 

IE:-t;tra•:t ion: <SepF /Cont /Son•:) SONC Date Analyzed: 04/07/'31 

113PC Cleanup: <YIN) ~ pH: 5.2 Dilution Factor: 1.0 .:...:.....:......--

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kgl UG/KG 

1 08-'35-2--------Pheno::~l ____________ _ 380 
111-44-4--------b is ( 2-Ch 1 c•r oet hy 1 ) Ether __ _ 380 
'35-:-57-8---------2-Ch 1 or •:-phenol _______ _ 380 
541-73-1--------1,3-Dichloroben::::ene _____ _ 380 
106-46-7--------1, 4-Di•:hl oroben::::ene _____ _ 
100-51-6--------Ben::::yl Alcohol _______ _ 

__:,:;., j 1-%0. 
380 

'35-50-1---------1, 2-Dichloroben::::ene _____ _ 380 
'35-48-7---------2-Methylphenol _______ _ 380 
108-60-1--------bis(2-Chloroisopropyl)Ether_ 380 
106-44-5--------4-Methylphenol _______ _ 380 
621-64-7--------N-Nitroso-Di-n-Propylamine __ _ 380 
67-72-1---------Hexachloroethane ________ __ 380 
98-'35-3---------N it rob enz ene ___________ _ 380 78-59-1---------Isophorone ______________ _ 380 88-75-5---------2-Nitrophenol _____________ _ 380 
105-67-9--------2,4-Dimethylphenol _______ __ 380 65-85-0---------Benzoic Acid __________________ _ 1800 
111-91-1--------bis-<2-ChloroethoxylMethane_ 380 
120-83-2--------2,4-Dichlorophenol ______ __ 380 
120-82-1--------1,2,4-Trichloroben::::ene _____ _ 380 '31-20-3---------Naph t ha 1 en e _____________ _ 380 
106-47-8--------4-Chloroaniline _________ _ 380 
87-68-3---------Hexachlorobutadiene ________ _ 380 
5'3-50-7---------4-Ch1oro-3-Methy1pheno1 ___ __ 380 
'31-57-6-..:..-------2-Methyl naphtha! ene ________ _ 380 
77-4 7 -4---------He x ac h 1 or oc yc 1 cop entad i en e __ _ 380 
88-06-2---------2,4, 6-Tr ich1•:-ropheno1 ________ _ 380 
95-95-4---------2,4,5-Trichloropheno1 ________ _ 1800 
'31-58-7---------2-Chloro::.naphthalene _________ _ 380 
88-74-4---------2-N it r c•an i 1 i ne ___________ __ 1800 
131-11-3--------0imethyl Phthalate ______ __ 380 
208-96-8--------Acenaphthylene __________ _ 380 
606-20-2--------2,6-Dinitrotoluene ______ __ 380 

Q 

u..S 
u \ 
u ~. 
u--f 
e;::.~.,u ,. ~.~ 

:uT . .,; :u 
'U! 
U' 
u: 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

.u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
'U ; .. 
I """'. 

:U . .J" 
I . \ 

I 
I 

I -·· 

~ 
I 

I 
I FORM I SV-1 1/87 
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I 
lC EPA SAMPLE NO. 

I 
SEMIVOLATILE O~GANICS ANALYSIS DATA SHEET 

BHE10 
I Lab 

lab 

Name: CEIMIC CORP Contract: 68090028 ,1 _______ _ 

Code: CEIMIC Case No.: 15'341 SAS Nc1.: SDG No.: BHE04 r t )'" i :t; : (so i 1/ water ) 

Sample wt/v1:1l: 

SOIL 

30.4 

Lab 

(g/mL) §._ Lab 

Sample I D: '310113-07 

Fi 1 e ID: A7361 

Jvel: n~:.w I med ) L=-0=-W:..':..--_ Date Received: 02/28/'31 

/. M~:.istLLre: 

lxtYa~:t i~:.n: 
Date E:,;tracted: 03 I 0'3/'31 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Date Analyzed: 04/07/'31 

Cleanup: <YIN) ~ pH: 5.2 Dilution Factol": 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kgl UG/KG 

'3'3-0'3-2---------3-N it l" oan i 1 i ne _______ _ 
83-32-'3---------Acenaphthene _________ _ 
51-28-5---------2, 4-Din i tr·~::.phenol ______ _ 
1 00-02-7--------4-N it l" ophenol ________ _ 
i32-64-'3--------Dibenzofuran -----------121-14-2--------2, 4-Din i tr~:.tol uene _____ _ 
84-66-2---------Diethylphthalate ______ _ 
7005-72-3-------4-Chl orc~phenyl-phenyl ethel" __ 
86-73-7 ---------Fl u1::.l" ene ___________ _ 
100-01-6--------4-Nitl"oaniline _______ _ 
534-52-1--------4,6-Dinitro-2-Methylphenol __ 
86-30-6---------N-Nitl"osodiphenylamine (1) __ 
101-55-3--------4-Bromophenyl-phenylether __ 
118-74-1--------Hexachlol"obenzene ______ _ 
87-86-5---------Pentachlorophenol ______ _ 
85-01-8---------Phenant hr ene _________ _ 
120-12-7--------Anthracene __________ _ 

1 84-74-2---------Di-n-Butylphthalate _____ _ 
206-44-0--------F'l uoranthene _________ _ 
12'3-00-0--------Pyrene ____________ _ 
85-68-7---------Butylbenzylphthalate ____ _ 
'31-'34-1---------3, 3' -D i c h 1 Ol" obenz i dine ___ _ 
56-55-3---------Benzo(a)Anthl"acene _____ _ 

1 218-01-'3--------Chl"ysene ___________ _ 

117-81-7--------bis<2-EthylhexyllPhthalate __ 
117-84-0--------Di-n-Octyl Phthalate ____ _ 
205-'3'3-2--------Benzo<blF'luoranthene ____ _ 
207-08-'3--------Benzo(k)F'luol"anthene ____ _ 
50-32-8--:-------Benzo(a)Pyyene _______ _ 
1'33-3'3-5--------Indeno<1,2,3-cd)PyYene ___ __ 
53-70-3---------Dibenz<a,hlAnthl"acene ___ _ 

1800 
380 

1800 
1800 
380 
380 
380 
380 
380 

1800 
1800 

380 
380 
380 

1800 
380 
380 
380 
380 
380 
380 
760 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 

1.0 

Q 

u-< 
u 
u 
u 
u 
u 
u 
u i 

lu! 
u; 
Uj 
u: 
u/ 
Ui 
ui 
Ul 
uj 
u\ 
U, 
U· 
U. 
u ~ 
u ;: 
ui 
u: 
~.:r 
-ttf=.•· 

E 
~- : 

I 
I 

1'31-24-2--------Benzo<g, h, i )PeYylene ____ _ 

(1) -Cannot be sepal"ated from Diphenylamine 

tt:J-Jl 
: ;-.-, -486 
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________________ .... 
I 

lr 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: CEIMIC CORP 

lab C·:•de: CEIMIC Case 

.,atri1:: (s•:•il/water) 

'Iampl e wt /vol: 

SOIL 

30.4 

level: ( l•:ow/ med) LOW =----

15'341 

C:g/mL) §___ 

I. Mc•istLtre: nert dec. 13 dec. 

Lab 

Lab 

Date 

Date 

SDG 

Sample ID: 

File ID: 

Reo: ei ved: 

E:-:t r ao: ted: 'tract i o:on : 
Date Analyzed: 

EPA SAMPLE.NO. 

8HE10 

BHE04 

'310113-07 

A7361 

02/28/'31 

03/0'3/'31 

04/07 /'31 lc Cleanup: (Y/N) !L_ pH: D i 1 uti on F"acto:;,r: .:..1.:...• .:::.0 __ _ 

CONCENTRATION UNITS: <ug/L or ug/Kg) UG/KG 

:11=:~:=~~=!======~========:~~:~~~~=~~========= 1. 000000 :unknown 16745'341 :1-Hexene, 3,4-dimethyl- C8CI 000000 :C6H100 isomer 

:12. 
! 3. 
: 4. 123422 
I 5, 000000 :'I 

:2-Pentanone, 4-Hydroxy-4-Met :C7H120 isomer 

I 
I 
I 
I 
I 
I 

RT 
======== 

4.08 
4.72 
5.07 
6. 13 
7.43 

I 
I FORM I SV-TIC 

\ -·--

EST. CONC. Q =============:=====: 
610 :JI..' ·~-: 
300 

5300 
7'3(H) 

190 

r· . \ 

1/87 Rev. 
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I 
18 EPA SAMPLE NO. 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE11 Lab Name: CEIMIC CORP 68D'30028 

lab Code: CEIMIC Case No.: 15941 SAS No.: SDG No.: BHE04 

.,atri:,;: <soil/water) SOIL Lab Sample ID: 910113-08 

ample wt/v•::ol: 30.0 (g/mL) §.___ Lab File ID: A7336 

level: < l•:.w I med ) L=O=W~- Date Re•:e i ved: 02/28/91 

I. M·::oisture: Date Extracted: 03/0'3/91 

lxt r a•: t i•::on: <SepF"/Cont/Sonc) SONC Date Analyzed: 04/06/'31 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Cleanup: <YIN) ~ pH: 6 . ., . - Di 1 ut ion F"actol": 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG 

1 08-'35-2--------Phenol ____________ _ 360 
111-44-4--------bis(2-Chlol"oethyl)Ether _____ _ 360 
95-57-8...,.--------2-Chlor•::tphenol _______ _ 360 
541-73-1--------1,3-Dichlol"obenzene _______ _ 
106-46-7--------1,4-DichloYobenzene ______ _ 

360 
~0' _!:31!1 

100-51-6--------Benzyl Alcohol _______ _ 360 
'35-50-1---------1,2-DichloYobenzene _____ _ 360 
95-48-7---------2-Methylphenol _____________ _ 360 
108-60-1--------bis<2-ChloYoisopYopyl)EtheY_ 360 
106-44-5--------4-Methylphenol __________ _ 360 
621-64-7--------N-NitYoso-Di-n-PYopylamine __ 360 
67-72-1---------HexachloYoethane ___________ __ 360 '38-'35-3---------NitYobanzene ______________ __ 360 78-59-1---------Isophorone ___________________ __ 360 88-75-5---------2-NitYophanol ________________ _ 360 
105-67-9--------2,4-Dimethylphenol _______ _ 360 65-85-0---------Benzoic Acid _____________ __ 1700 
111-91-1--------bis(2-Chloroethoxy)Methane ___ 360 
120-83-2--------2,4-Dichlorophenol __________ __ 360 
120-82-1--------1,2,4-TYichloYobenzene ______ _ 360 '31-20-3---------Naphthalene _________________ __ 360 
106-47-8--------4-ChloYoaniline ____________ ~ 360 
87-68-3---------Hexachloyobutadiene _________ _ 360 

' 59-50-7---------4-ChloYo-3-Methylphenol ____ __ 360 
91-57-6---------2-Methylnaphtnalene ______ ___ 360 
77-47-4---------Hexachloyocyclopentadiene ___ 360 
88-06-2---------2,4,6-TYichloYophenol ______ _ 360 
95-95-4---------2, 4, 5-TY i c h 1 OY op.heno 1 ___ _ 1700 
91-58-7---------2-ChloYonaphthalene _________ _ 360 88-74-4---------2-Nitroaniline ______________ _ 1700 
131-11-3--------Dimethyl Phthalate ______ _ 360 208-'36-8--------Acenaphthylene _____________ _ 360 
606-20-2--------2,6-Dinitrotoluene ------------ 360 

1. 00 

Q 

'U 
u r, 
u .\ ~ ,. 

!• 

u \' 
;~; 

u ·.,: 
~ 

u ., 
I 

u I 
u 

\ 
u 

.u 
u 

I' u d u I 
.i! 

u fi 
l' 

u ji 
u ,. 

i; .. 

u t. u i• 
u Jj u L u 
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e 
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I 
I 

1C 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

8HE11 ~ab Name: CEIMIC CORP 68090028 
,)b Code: CEIMIC Case 15'341 SDG No.: BHE04 
]trix: (s•:•il/water) SOIL Lab Sample I D: '310113-08 
5ample wt/vol: 30.0 (g/mL) §___ Lab File ID: A7336 
1.1vel: ( l•:.w I med) =.L::::.OW:..:...-_ Date Re•:ei ved: 02/28/91 
I. Moisture: 

~tract ion: 

not dec. __ a dec. Date Extracted: 03/09/91 

,- -., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CSepF/Cont/Sonc) SONC Date Analyzed:_ 04/06/'31 
Cl eanLtp: CY/N) M__ pH: 6.2 Dilution Factor: 1. 00 

CONCENTRATION UNITS: CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

I 
I 9'3-09-2---------3-N it r •:.an i 1 i ne _______ _ 1700 : u.:r' 83-32-9---------Acenaphthene ___________ __ 

51-28-5---------2,4-Dinitrophenol ___________ _ 100-02-7--------4-Nitrophenol ________________ _ 
132-64-'3--------Dibenzofuran _____________ __ 
121-14-2--------2,4-Dinitrotoluene _________ __ 

360 
:u ( 1700 :u 

1700 :u 
360 :u 
360 IU, 84-66-2---------Diethylphthalate _______ __ 360 IU 7005-72-3-------4-Chlorophenyl-phenylether ___ 360 u 86-73-7---------Fluorene __________________ ___ 360 u· 100-01-6--------4-Nitroaniline ________ __ 1700 u 534-52-1--------4,6-Dinitro-2-Methylphenol ___ : 86-30-6---------N-Nitrosodiphenylamine (1) ___ 1 10 1-55-3--------4-Br•:.mophenyl-phenyl ether_: 118-74-1--------Hexachlorobenzene __________ _ 87-86-5---------Pentachlorophenol ___________ _ 85-01-8---------Phenanthrene ___________ __ 120-12-7--------Anthracene ______________ __ 

84-74-2---------Di-n-Butylphthalate ________ _ 

1700 

~~ 
360 
360 
360 

1700 Ul 
360 u t 
360 

~ 360 206-44-0--------F"luoranthene ___________ __ 49 J 129-00-0--------Pyrene ___________ __ 
85-68-7---------Butylbenzylphthalate 91-'34-1---------3, 3' -D i c h 1 or obenz i din __ e ______ _ 
56-55-3---------Benzo(a)Anthracene ________ __ 

47 
G~ 360 

720 u-
360 uS 218-01-9--------Chrysene -------------- 40 J 117-81-7--------bis<2-Ethylhexyl)Phthalate ___ 81 J 117-84-0--------Di-n-Octyl Phthalate -------- 360 u .. -205-99-2--------Benzo(b)Fluoranthene _______ _ 360 u ' 207-08-9-------~Benzo<k)Fluoranthene _______ _ 360 u 50-32-8---------Benzo(a)Pyrene~~-----------193-39-5--------Indeno(1,2,3-cd)Pyrene _____ _ 
360 u 
360 u 53-70-3---------Dibenz<a,h)Anthracene ______ __ 191-24-2--------Benzo<g,h,i)Perylene _______ _ 
360 u1 360 u . 

1) - Cannot be separated from Diphenylamine ~ \ ' \ 
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I 
I 

lF 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

SHEll Lab Name: CEIMIC CORP Cont r a•: t: 68D'30028 

Lab Code: CEIMIC Case Nco. : 15'341 SAS No.: SDG No.: 8HE04 

Matrix: (so:.il/watel") SOIL Lab Sample ID: '310113-08 

Samp 1 e wt /vcol : 30.0 <glmL) §.._ Lab Fi 1 e ID: A7336 

Level: ( 1 ow/med) LOW =:;,.;_- Date Received: 02/28/'31 

I. Mcoistuye: not dec. __ a_ dec. Date Extyacted: 03/0'3/'31 

Extl"action: <SepF/Cont/So::.onc) Date Analyzed: 04/06/'31 

I GPC Cleanup: <YIN) !L_ pH: 6.2 Dilution Factol": 1. 00 

I Numbel" TICs found: ____.:2. 
CONCENTRATION UNITS: 
Cug/L ol" ug/Kg) UG/KG 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NUMBER 
'---------------.----------------

1. 000000 
·") 000000 ..... 
3. 123422 
4. 000000 
5. 57103 
6. 000000 
7. 000000 
8. 000000 
'3. 000000 

COMPOUND NAME 
============================ 
C7H14 isomel" 
Unknown 
2-Pentanone, 4-Hydroxy-4-Met 
Unknown 
Hexadecanoic acid C'3CI) 
Aliphatic hydrocarbon 
Aliphatic hydrocarbon 
Aliphatic hydl"ocarbon 
Aliphatic hydl"ocarbon 

FORM I SV-TIC 

RT 
----------------

5.05 
5.63 
6.38 
7.'30 

25.94 
34.01 
36.01 
38.66 
42.36 

EST. CONC. Q 

=============l===i[l 
360 ~ : 

1300 LM" l : 
33000 ~~ : 

1300 ;~ fll: 
250 : J f./ .a : . 
620 ~,....I 

1~~~ ~ J : 
180 ·~~~ 

r. . ' 
1/87 Rev. 
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1B SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET Lab Name: CEIMIC CORP 
Contract: 68D90028 

Lab Code: CEIMIC Case No.: 15'341 Mat·rb:: (sc~il /watel") SOIL 
Lab Sample 

EPA SAMPLE NO. 

BHE12 

ID: '310113-09 

I Sample wt /vc1l : 
3<). 3 (g/mL) !L_ Lab F"i 1 e ID: A7337 

(low/med) LOW 

Date Received: 02/28/91 

Level: 

1~. M·:d st ur e: nc1t dec. 2c) dec. 
Date Extracted: 03/09/91 

E:t;tr.act i•:.n: <SepF"/Cont/Sonc) SONC Date Analyzed: 04/06/91 

'PC 
I 
I 
I 
I 
I 
I 

Cl eanLIP: <YIN) t:L_ pH: 5.9 Di 1 ut ion F"actor: 1.0 CONCENTRATION UNITS: 

CAS NO. COMPOUND 
Cug/L or ug/Kg) UG/KG Q 

1 08-'35-2--------Ph eno 1 ____________ _ 

111-44-4--------bis<2-ChloYoethyl)Ether ___ __ 

95-57-8---------2-Chlorophenol ___________ __ 

541-73-1--------1,3-DichloYobenzene ________ __ 

106-46-7--------1, 4-Di~:hlorobenzene ______ __ 

100-51-6--------Benzyl Alcohol ___________ __ 

95-50-1---------1, 2-Di•:hlorobenzene ______ __ 

95-48-7---------2-Methylphenol _____________ __ 

1 08-60-1--------b is< 2-Ch 1 oro i sopr- •:.py 1 ) Ether-_ 

106-44-5--------4-Methylphenol _____________ __ 

621-64-7--------N-Nitr-oso-Di-n-Pr-opylamine ___ 

67-72-1---------HexachloYoethane _________ __ 

I 
I , 

:u-:1 410 
410 lU} : 410 :uk' : L-f/0·:~~ ~~ 410 : lf.f : 410 :u' 410 :u! 410 JU ·1 

410 :u 
410 :u 
410 u 

98-'35-3---------Ni tr-obenzene___________ 410 U 

78-5'3-1--------- I sophor-one______________ 410 U 

98-75-5---------2-NitYophenol______________ 410 U 

1 05-67-·3--------2, 4-Dimethyl phenol____________ 410 U 
I 65-85-0---------Benzoic Acid 

220 .1 · 

111-91-1--------bis<2-ChloYoethoxy)Methane ___ : 410 ~ 

120-83-2--------2,4-DichloYophenol___________ 410 lU 

: 120-82-1--------1 1 2,4-TYichloYobenzene_____ 410 lU 

1:
1 

'31-20-3---------:7t41&Phthalene__________ 410 lU 

106-47-8---------4-ChloYoanil ine__________ 410 l U 

: 87-68-3---------Hax•chloYobutadiene_________ 410 lU 

1,
1
: 59-50-7---------4-Chloyo-3-Methylphenol______ 410 lU 

91-57-6---------2-Methylnaphthalene_________ 410 lU 

: 77-47-4---------Hexachlorocyclopentadiene_l 410 lU 
I
' 88-06-2---------2,.4, 6-TY ichloYophenol 

410 l U 

95-95-4---------2,4,5-Trichlor-ophenol________ 2000 IU 

1 '31-59-7---------2-Chloyonaphthalene___________ 410 :u 

: 88-74-4---------2-NitYoaniline________________ 2000 IU 

I 131-11-3--------Dimethyl Phthalate____________ 410 IU 

208-96-8--------Acenaphthylene________________ 410 lU : 

.~ 1-6-C-J6_-_2_0_-_2_-_-_-_-_-_-_-_-_:..._~~, -..6_-_o_i_n_i_t_r-_.::_'t_o_l_u_e_n_e:::::::::::: -----4--1 o ___ ; ~:5 \ s \ 7 

I 

I 

I 

I 

1 

I 
I F"ORM I SV~-~1~----------------------~1~/~8~7~R~e~v~·~--~-----



·~~~ I 
1C 

EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
I 

BHE12 

Name: CEIMIC CORP 

E.8D'30028 
CEIMIC Case No:o.: 15'341 

SDG No:•. : BHE04 

Matrb;: (so::.il/water") SOIL 
Lab Sample ID: '310113-09 

lsample wt/vo:.l: 
30.3 Cg/mL) §__ Lab File ID: A7337 

Level: Clow/med) LOW 

Date Rer:eived: 02/28/'31 

1/. Mo:•isture: not dec. 
dec. 

Date Extracted: 03/09/'31 

lxt r a•: t i•:.n: <SepF/C•:)nt/Sonc) ~ Date Analyzed: 04/06i91 

GPC Cleanup: <YIN) M__ pH: 5.9 Di 1 ut ion Factor: 

I 
I 
I 
I 
I~ 

CAS NO. 
COMPOUND CONCENTRATION UNITS: <ug/L or ug/Kg) UG/KG 

I 
I 

1\ 
I 
I 

I 

'3'3-0'3-2---------3-N it roan i 1 i ne ________ _ 

83-32-'3---------Acenaphthene _______________ _ 

51-28-5---------2,4-Dinitrophenol ___________ _ 

100-02-7--------4-Nitrophenol ________________ _ 

132-64-9--------Dibenzofuran ________________ _ 

121-14-2--------2,4-Dinitrotoluene ________ __ 

84-66-2---------Diethylphthalate ____________ __ 

7005-72-3-------4-Chl orc•phenyl-phenyl ether_: 

86-73-7---------Fluorene ___________________ _ 

1 00-0 1-6--------4-N it roan i 1 i ne ___________ _ 

534-52-1--------4, 6-Din i tro-2-Methyl phen•:.l_: 

86-30-6---------N-Nitrosodiphenylamine (1)_: 

101-55-3--------4-Bromophenyl-phenylether_: 

118-74-1--------Hexachlorobenzene ___________ _ 

87-86-5---------Pentachlorophenol ____________ _ 

85-0 1-8---------Phenant hr ene ____________ _ 

120-12-7--------Anthracene ______________ _ 

84-74-2---------Di-n-Butylphthalate _________ _ 

206-44-0--------F'l uor ant hene __ . ------------
1 12'3-00-0--------Pyr ene ____ .... -----------

85-69-7---------Butylbenzylphthalate ________ __ 

: '31-'34-1---------3, 3' -Dichlorobenz idine _____ _ 

: 56-55-3---------Banzo<a>Anthracene __ ··----------

11218-01-9--------Chrysene _________________ _ 

: 117-81-7--------bis<2-Ethylhexyl)Phthalate ___ 

: 117-94-0--------Di-n-Octyl Phthalate 

: 1'05-·3.'3-2--------Benz •:. (b) Fluor ant hene ____ __ 

: 07-08-·3--------Benzo(k)f"luoranthene~-----

50-32-8---------Benz o (a) Pyr ene ________ _ 

~3-3'3-5--------Indeno<1,2,3-cd)Pyrene 

-70-3---------Dibenz <a, h >Anthra•:ene ____ _ 

31-24-2--------Benz •::. < g, h, i) Per yl ene ____ __ 
- Cannot be separated from Diphenylamine I 

FORM I SV-2 

2000 
410 

2000 
2000 
410 
410 
410 
410 
410 

2000 
2000 
410 
410 
410 

2000 
100 
410 
54 

190 
260 
410 
820 
140 
180 
44 

410 
1·50 
100 
130 
87 

410 
74 

1.0 

Q 

I 

; u--< I ~ :u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u I 
:u I 
:u I •u. ;,,6' 
: . .i .. , :u,_. 
:J·. 
:J 
lJ1 : u "\" :u ..... 

:J. 
IJ·" 
IJ • 
: u':1 
:J. 
:J 
:J. 

:Jti :u 
:J. 

\ 518 
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SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS I ·Name: CEIMIC CORP 

ContYact: 68D90028 I 
I 

.. b Code: CEIMIC Case N•:o. : 15941 Matr i :--;: (s.:.i 1 /water) SOIL 
Sample wt/v.:.l: 

30.3 Cg/mL) Level: Cl.:.w/med) LOW ="-'---1 'l. M·:dsture: not dec. 20 dec. 
(SepF/C.:.nt/Sonc) SONC 

SAS 
SDG 

Lab Sample ID: 
Lab File ID: 

Date Re•:ei ved: 

Date E:.<tl"acted: 
Date Analyzed: 

EPA SAMPLE NO. 

BHE12 

No.: BHE04 

'310113-09 

A7337 

02/28/91 

03/09/91 

04/06/91 

1 
~xt.racti•:on: 
t.:iPC. Cleanup: CY/N) ~ pH: 5.9 Dilution Factor': 1.0 I 

CONCENTRATION UNITS: 

Numbel" TICs f•:Jund: _£!.. 
Cug/L or ug/Kgl UG/KG ~ CAS NUMBER 

COMPOUND NAME 
RT EST. CONC. '

'==~~=~~~~~~=====;;;~~:=~::::;================;===;~;;= 
2. 000000 :Unknown 

l 5.12 

3. 000000 :Unknown 
5.62 

I ~: ~~~~~~ : 6. 000000 

1 7. 000000 
8. 000000 

I '3. 57114 :11 0. 000000 : 11 • 000000 : 2. 000000 : 13. 000000 ',4. 000000 5. 000000 16. 000000 
7... 000000 000000 

000000 :_, .. ( •• 000000 

I 
I 
I 
I 

000000 

:2-Pentanone, 4-Hydl"oxy-4-Met: :unknown 
:Unknown 
lC16H16 isomel" :Unknown 
:octadecanoic acid <9CI) :Unknown 
'Ester of octadecanoic acid Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

:Aliphatic hydl"ocarbon :Aliphatic hydrocarbon :Aliphatic hydYocarbon !Aliphatic hydrocarbon 

FORM I SV-TIC 

6.35 
7.92 

22.82 
23.30 
25.72 
28.41 
28.66 
30.89 
31.76 
32.77 
32.91 
32.97 
33.07 
33. '32 
33.97 
35.99 
38.64 
42.33 

290 
1700 
1100 
1500 
620 

290 
540 

1400 
1300 
580 

Q 

1/87 Rev. 
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EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE13 Name: CEIMIC COFi::.:..:P _______ _ Contract: 68D90028 I Lab C·::.de: CEIMIC Case Nc•. : 15'341 SAS No. : SDG No.: BHE04 
Matrix: <s·:d 1 ;.,..,ater) SOIL Lab Sample ID: '310113-10 I Samp 1 e wt /v•:•l : 30. 4 (g/mL) §_ Lab Fi 1 e ID: A7326 

LOW Date Received: 02/28/91 
~Level: <low/med) 

% Moisture: not dec. dec. Date Extracted: 03/09/91 
IExtra•:t ion: <SepF/Cont/Sonc> SONC 

6.0 

Date Analyzed: 04/05/91 
GPC Cleanup: <YIN) ~ pH: Dilution Factor: ~1~-~o ____ _ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG Q 

108-·~5-2--------Phenol ___________ _ 111-44-4--------bis<2-Chloroethyl>Ether ___ __ ·~5-57-8---------2-Chlorophenol __________ __ 541-73-1--------1,3-Dichlorobenzene ________ __ 106-46-7--------1,4-Dichlorobenzene ________ __ 100-51-6--------Benzyl Alcohol ____________ __ 95-50-1---------1,2-Dichlorobenzene ________ __ '3S-48-7---------2-Methylphenol _____________ __ 108-60-1--------bis<2-Chloroisopropyl)Ether __ 106-44-5--------4-Methylphenol ______________ _ 621-64-7--------N-Nitroso-Di-n-Propylamine ___ 67-72-1---------Hexachloroethane __________ __ '38-'35-3---------N it r obenz ene ___________ _ 78-59-1---------Isophorone _________________ __ 88-75-5---------2-Nitrophenol ________________ _ 105-67-9--------2,4-Dimethylphenol ______ _ 65-85-0---------Benzoic Acid ______________ __ 111-91-1--------bis<2-Chloroethoxy>Methane ___ 120-83-2--------2,4-Dichlorophenol _______ __ 120-82-1--------1,2,4-Trichlorobenzene _____ _ '31-20-3---------Naphthal ene ________________ _ 106-47-8--------4-Chloroaniline _____________ _ 87-68-3---------Hexachlorobutadiene _______ __ 59-50-7---------4-Chloro-3-Methylphenol ____ __ 91-57-6---------2-Methylnaphthalene ________ __ 77-47-4---------Hexachlorocyclopentadiene ____ 88-06-2---------2,4,6-Trichlorophenol _____ __ '35-95-4---------2, 4, 5-Tr i c h 1 or ophe~ol ____ __ 91-58-7---------2-Chloronaphthalene ________ __ 88-74~4---------2-Nitroaniline _____________ __ 131-11-3--------Dimethyl Phthalate _________ _ 208-96-8--------Acenaphthylene _____________ __ 606-20-2--------2,6-Dinitrotoluene _______ _ 

400 uj 
400 ~ 400 u 

40"0~ 
400 u:::r 
400 u I 
400 u. 
400 u f 
400 U I 

400 u 1 
400 u 
400 u l 400 u. 
400 U 1 
400 u ft 

1900 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 . :u 
4oo ·u 
400 u 

1900 u 
400 u 

1900 uu \' 
400 1 
400 u '··' 400 u j 

" ' l \ .. ~ ~ 558 
I 
I FORM I SV-1 1/87 Rev. i ,, 
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I 
I 
I 
I 
I 
I 
I 

1C 
EPA SAMPLE NO • 

. 4!VOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE13 
.• ne: CEIMIC CORP 

Contract: 68D90028 .. o cc.de: CEIMIC Case Nc•. : 15'341 SAS No.: SDG No.: BHE04 Matr i y;: <s•::.i l/watel') SOIL 
Lab Sample ID: 910113-10 Sample wt/vol: 30.4 Cg/mL) §.____ Lab File ID: ~A7~3==26=------Level: ( l•::.w/med) LOW 
Date Received: 02/28/91 I. Moi stLil'e: n•::.t dec. _!.Z dec. Date Extracted: 03/09/91 Ext r ac t ion : <Sepf"/Cont/Sonc) SONC Date. Analyzed: 04/05/91 GPC Cleanup: CY/N) ~ pH: 6.0 Dilution Factor: ~1~-~o ____ _ 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 
·:t·:t-0'3-2---------3-N it roan i 1 in e _______ _ 1'300 u-1 

400 u I 
I 
I 

83-32-9---------Acenaphthene ____________ __ 51-28-5---------2,4-Dinitrophenol _________ _ 100-02-7--------4-Nitrophenol _____________ _ 132-64-9--------Dibenzofuran ________________ __ 121-14-2--------2,4-Dinitrotoluene _______ __ 84-66-2---------Diethylphthalate __________ __ 7005-72-3-------4~Chlorophenyl-phenylether ___ l 
86-73-7---------F"luorene _____________ _ 100-01-6--------4-Nitroaniline ________ _ 534-52-1--------4,6-0initro-2-Methylphenol ___ l 

1'300 u 
1'300 u 
400 u 
400 u 
400 u 
400 u 
400 u 

1'300 u 
1900 u I 

I 
I 
I 
I 
I 
I 
I 

86-30-6---------N-Nitrosodiphenylamine (1) ___ 1 101-55-3--------4-Bromophenyl-phenylether __ : 118-74-1--------Hexachlorobenzene ____________ _ 87-86-5---------Pentachlorophenol _________ _ 85-01-8---------Phenanthrene ________________ __ 120-12-7--------Anthracene __ ~~--------------
84-74-2---------Di-n-Butylphthalate ______ _ 206-44-0--------F"luoranthene _________ _ 12'3-00-0--------Pyrene _________________ _ 85-68-7---------Butylbenzylphthalate ________ _ '31-94-1---------3, 3' -Diehl orobenz id ine ____ _ 56-55-3---------Benzo<a>Anthracene -------218-01-'3--------Chrysene _______ ~---------117-81-7--------bis<2-Ethylhexyl>Phthalate ___ 117-84-0--------Di-n-Octyl Phthalate ________ _ 205-99-2--------Benzo(b)f"luoranthene --------207-08-9--------Benzo(k)f"luoranthene ________ _ 50-32-8---------Benz•::) (a) Pyr ene __________ _ 1'33-39-5,--------Indeno<1,2,3-cd)Pyrene _____ _ 53-70-3---------Dibenz<a,h>Anthy-acene ______ __ 191-24-2--------Benzo<g,h,i)Perylene ________ _ 

<1) - Cannot be separated from Diphenylamine 

F"OP.M I SV-2 

400 u 
400 u 
400 u 

1900 u 
400 u 
400 u 
400 u 
66 J 
62 

~:) 400 
800 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 IU 
400 :u 
400 :u 
400 

;~ 400 

If' \ 559 
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lF 
AJLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

CEIMIC CORP Contract: 68D90028 

de: CEIMIC Case Nr:r. : 15941 SAS No.: SDG 

,r b:: <s•::.il /water) SOIL Lab Sample ID: 

Sample wt/vol: 30.4 (g/mL) §___ Lab File ID: 

Level: (low/med) LOW Date Received: 

I. Moisture: not dec. _lZ dec. Date Extracted: 

Extraction: <SepF/Cont/Sonc) SONC Date Analyzed: 

EPA SAMPLE NO. 

BHE13 

No.: BHE04 

910113-10 

A7326 

02/28/'31 

03/09/91 

04/05/91 

GPC Cleanup: <YIN) !i._ pH: 6.0 Dilution Factor: 1.0 

Number TICs found: ~ 
CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/KG 

CAS NUMBER COMPOUND NAME 
:================ ============================ 1. 000000 Unknown 

2. 000000 C7H14 isomer 
3. 000000 Unknown 
4. 000000 Unknown 
5. 123422 ,2-Pentanone, 4-Hydroxy-4-Met 
6. 000000 lC7H120 isomer 
7. 009000 :Unknown 
e. 000000 :unknown 
9. 000000 :Aliphatic hydrocarbon 

10. 000000 lAliphatic hydrocarbon 

FORM I SV-TIC 

RT 
======== 

4.67 
5.02 
5.10 
5.58 
6.30 
7.42 
7.87 

35.36 
35.99 
38.62 

EST. CONC. Q 

========;;~==~=il; 
520 _;,r.(_ 
360 ~ 

1600 .J;f!f1 
40000 ".J 

240 ~ 
1900 ~ 
950 r~ 

1500 ~ ... 
2100 ·, 

I 5·60 r' , 

1/87 Rev. 
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EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET I 

BHE14 ab Name: CEIMIC CORP Contract: 68D90028 I C·:.de: CEIMIC Case Nc•.: 15941 SAS No.: SDG No.: BHE04 
:~trix: <soil/water) WATER lpl e wt /vc•l: 

Lab Sample ID: 910113-11 
1000 (g/mL) !:16_ Lab File ID: D5349 

<low/med) L=O=W=--- Date Received: 02/28/91 
Moisture: not dec. dec. Date Extracted: 03/01/91 ;I act ion: <SepF/Cont/Sonc) Date Analyzed: 04/04/91 

:.c; Cleanup: <YIN) ~ pH: I 7.6 Dilution Factor: ~1~-~o ____ _ 

CONCENTRATION UNITS: CAS NO. COMPOUND <ug/L or ug/Kg) UG/L Q I 
10 u 
10 u 
10 u 
10 u 

I 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 :u 
10 :u 
10 IU 
10 IU 

,. 1/B~'f·r--· . \ -- - . 

FORM I SV-1 

--·-
:.::~.i, 

\ 
I 

.-- ---------



I 
lC 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET EPA SAMPLE NO. 

I 
Lab Name: CEIMIC COR~ BHE14 Contract: 68D90028 

lab Cc•de: CEIMIC Case Nc•. : 15'341 SAS Nc•.: SD•3 No. : BHE04 lah· i x: <s•:.i 1 /water) WATER Lab Sample ID: '310113-11 
lample wt/vc•l: 1000 (g/mL) t!.b__ Lab File ID: ~D~5~3~4~9~-----
level: < 1 •:.w/med) =.L.=.O:::;:.W __ Date Received: 02/28/91 
X Moisture: not dec. dec. Date Extracted: 03/01/91 

lxtra•:tion: <SepF"/Cont/Sonc) §seE. Date Analyzed: 04/04/91 
fPC Cleanup: (Y/N) !L_ pH: 7.6 Dilution F"actor: ~1~·~0 ____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg> UG/L 

'39-09-2---------3-N it r •:.an i 1 in e ___________ _ 83-32-9---------Acenaphthene _____________ __ 51-28-5---------2,4-Dinitrophenol __________ _ 100-02-7--------4-Nitrophenol ______________ _ 132-64-9--------Dibenzofuran ________________ __ 121-14-2--------2,4-Dinitrotoluene _________ __ 
84-66-2---------Diethylphthalate~-----------7005-72-3-------4-Chlorophenyl-phenylether ___ 86-73-7---------Flu~:.rene ________________ _ 100-01-6--------4-Nitroaniline ______________ __ 534-52-1--------4,6-0initro-2-Methylphenol ___ : 86-30-6---------N-Nitrosodiphenylamine <1> ___ : 101-55-3--------4-Bromophenyl-phenylether_: 118-74-1--------Hexachlorobenzene __________ _ 87-86-5---------Pentachlorophenol ___________ _ 85-01-8---------Phenanthrene _______________ __ 
120-12-7--------Anthracene~~~~----------84-74-2---------0i-n-Butylphthalate ________ __ 206-44-0--------F"luoranthene _____________ __ 129-00-0--------Pyrene ______________________ _ 85-68-7---------Butylbenzylphthalate ______ _ 91-94-1---------3,-3'-0ichlorobenzidine _____ _ 56-55-3---------Benzo(a)Anthracene _________ _ 218-01-9--------Chrysene __________________ ___ 
117-81-7--------bis<2-Ethylhexyl)Phthalate ___ 117-84-0--------0i-n-Octyl Phthalate ________ _ 205-99-2--------Benzo(b)F"luoranthene _______ _ 1 207-08-9--------Benzo<k)F"luoranthene ______ _ 50-32-8---------Benzo(a)Pyrene ____________ __ 193-39-S--------Indeno<1,2,3-r::d)Pyrene ___ _ 53-70-3---------0ibenz<a,h)Anthracene _____ __ 191-24-2--------Benzo<g,h,i)Perylene _____ _ 

Q 

so u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 u 
10 u 
10 u 
10 u 
10 u 
10 :u 
10 :u. 
10 :u 
10 :u 
10 :u 
10 :u I 

I 

I I 
1'\ \ s,s '· ., 

ll - Cannot be separated from Diphenylamine 

I F"ORM I SV-2 1/87 Rev. 



I 
1F 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: CEIMIC CORP Contract: 68D90028 
ILab Code: CEIMIC Case 15941 SAS Nc•. : SDG 

Lab Sample ID: 
~Matrix: (soil/water) WATER 

Sample wt/vc•l: 1000 (g/mL) !:!b.__ Lab File ID: 
ILevel: ( l•:•w/med) LOW =..;::-.-, __ 

I. M·::.isture: 

IExtract i•.Jn: ( SepF /Cont /Sc•nc) 

IGPC Cleanup: <YIN) ti._ 

~umber TICs found: ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

dec. 

pH: 7.6 

Date Received: 

Date Extracted: 

Date Analyzed: 

Dilution Factor: 

CONCENTRATION UNITS: 
<ug/L or ug/Kg> UG/L 

FORM I SV-TIC 

EPA SAMPLE NO. 

BHE14 

BHE04 

'310 113-11 

D5349 

02/28/'31 

03/01/91 

04/04/'31 

1.0 

I"' 

'· ' 

1/87 Rev. 



I 19 EPA SAMPLE NO. 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE15 
Lab Name: CEIMIC CORP Contract: 68D90028 

CEIM!C Case Nca.: 15'341 SDG No.: BHE04 

'

atrb;: <s•::ail/water) WATER 

amp 1 e wt /vol : 1000 < g I mL) tlb__ 

Lab Sample ID: 910113-12 

Lab File ID: ~D=5=2~9=8 ____ __ 

level: Clow/med) LOW Date Received: 02/28/91 

% Moisture: not dec. dec. Date Extracted: 03/01/91 

lxtr act ion: <SepF'/Cont/Sonc) Date Analyzed: 04/01/91 

Cleanup: (Y/N) !:i._ pH: 7.7 Dilution F'actor: ~1~._o ____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/L 

108-95-2--------Phenol ______________________ __ 
111-44-4--------b is <2-Chl orc•ethyl) Ether ____ _ 
95-57-8---------2-Chlorophenol ______________ __ 
541-73-1--------1,3-Dichlorobenzene _________ _ 
106-46-7--------1,4-Dichlorobenzene _________ _ 
100-51-6--------Benzyl Alcohol ______________ _ 
'35-50-1--------1 , 2-D i c h 1 or ob en z ene __________ _ 
95-48-7---------2-Methylphenol ________ ~-----
108-60-1--------bis<2-Chloroisopropyl)Ether __ 
106-44-5--------4-Methylphenol ______________ _ 
621-64-7 --------N-N it r oso-D i-n -Pr •::ap y 1 amine __ 
67-72-1---------Hexachloroethane ____________ __ 
98-95-3---------Nitrobenzene ________________ __ 
78-59-1---------Isophorone __________________ __ 
88-75-5---------2-Nitrophenol ________________ _ 
105-67-9--------2,4-Dimethylphenol __________ __ 
65-85-o---------Benzoic Acid~~--~~~------
111-91-1--------bis(2-Chloroethoxy)Methane __ 
120-83-2--------2,4-Dichlorophenol _________ _ 
120-82-1-------1,2, 4-Tr ichl orcobenzene _____ _ 
91-20-3-----~---Naphthalene __________________ _ 
106-47-8--------4-Chloroaniline 
87-68-3------Hexachl orobutad-:-i-e':"'"n_e __________ _ 
59-50-7-....,------4-Chl oro-3-Methyl phenc•l ___ _ 
91-57-6---------2-Methylnaphthalene __________ _ 
77-47-4---------Hexachlorocyclopentadiene __ __ 

' 88-06-2--------2,4, 6-Tr ic.hl oroph-enol ___ __ 
95-95-4---------2,4, 5-Tr ichl•:•rophenol ___ _ 
'31-58-7---------2-Ch 1 oronaphthal ene __________ _ 
88-74-4--------2-Nitroaniline ______________ _ 
131-11-3--------Dimethyl Phthalate __________ __ 
208-96-8--------Acenaphthylene ______________ _ 
606-20-2--------2, 6-Din i trot•::al uene _________ _ 

FOF~M I SV-1 

- --- -- -- ·---

Q 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u::r 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 :u 
10 :u 
10 :u 
10 :u 

,. \'583 
' ' 
1/87 Rev. 

. !;\~ 
; .. ' ~ 



I 
1C EPA SAMPLE NO. 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE15 
1 Lab Name: CEIMIC CORP 68D90028 

I Lab Code: CEIMIC Case Nc•. : 15941 SAS No.: SDG No.: BHE04 

I Matrix: <s•::.il/water) WATER 

Sample wt/vol: 1000 (g/mL) !::1b__ 

Lab Sample ID: 910113-12 

Lab File ID: D~5~~~··9~8~-----

I Level: < l•::.w/ med) =LO=-W:;..;....._ Date Received: 02/28/91 

% Moisture: not dec. dec. Date Extracted: 03/01/91 

I Extract ion: <SepF/Cont/Sonc) Date Analyzed: 04/01/91 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

GPC Cleanup: <YIN) t::L_ pH: 7.7 Dilution Factor: ~1~-~o ____ _ 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/L 

'39-0'3-2---------3-N it l" •:-an i 1 i ne _______ _ 
83-32-9---------Acenaphthene ________ ____ 
51-28-5---------2,4-Dinitl"ophenol ______ _ 
100-02-7--------4-Nitrophenol ___________ _ 
132-64-'3--------Dibenzoful"an ___________ _ 
121-14-2--------2,4-DinitYotoluene ______ __ 
84-66-2---------Diethylphthalate __________ _ 
7005-72-3-------4-Chlorophenyl-phenylether __ 
86-73-7---------Fluorene ____________________ __ 
100-01-6--------4-Nitroaniline ___________ _ 
534-52-1--------4,6-Dinitro-2-Methylphenol ___ : 
86-30-6---------N-NitYosodiphenylamine (1) __ : 
101-55-3--------4-BYomophenyl-phenylether ____ : 
118-74-1--------HexachloYobenzene ________ _ 
87-86-5---------Pentachlorophenol ___________ _ 
85-01-8---------PhenanthYene ________________ __ 
120-12-7--------Anthracene _________________ __ 
84-74-2---------Di-n-Butylphthalate __________ _ 
206-44-0--------Fluoranthene ______________ ___ 
129-00-0------~-PyYene _________________ _ 
85-68-7---------Butylbenzylphthalate ---------91-'34-1---------3,3'-Dichlorobenzidine ______ _ 
56-55-3---------Benzo(a)Anthl"acene _______ __ 
218-01-9--------Chrysene __ ~----~------------
117-81-7--------bis<2-Ethylhexyl)Phthalate __ 
117-84-0--------Di-n-Octyl Phthalate ________ _ 
205-99-2--------Benzo(b)Fluoranthene 
207-08-9--------Benzo(k)Fluoranth~ne ---------------50-32-8---------Benzo(a)Pyrene __ ~---------
193-39-5--------Indeno<1,2,3-cd)Pyrene _____ _ 
53-70-3---------Dibenz<a,h)Anthl"acene ____ __ 
1'31-24-2--------Benzo (g, h, i) Peryl ene ______ _ 

(1) - Cannot be separated from Diphenylamine 

FORM I SV-2 

Q 

50 u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 

;.~?""s~·~ 10 
I I 

1/87 Rev. ·~ 



I 
I 

lF" 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: CEIMIC CORP Contract: 68D90028 

Lab Code: CEIMIC Case Nco. : 15'341 SAS SDG 

Matrix: ( S•::oil /water) WATER Lab Sample ID: 

Sample wt /vcol: 1000 (g/mL) t:!b_ Lab File ID: 

·:·: .... T,..~ 
~} 

EPA SAMPLE NO. 

BHE1S 

No.: BHE04 

910113-12 

D5298 

I Level: ( l•::ow/med) =L'-'=O:..:.;W'--- Date Received: 02/28/91 

I. Moisture: not dec. dec. Date Extracted: 03/01/91 

I Extraction: <SepF/Cont/Sonc) Date Analyzed: 04/01/91 

I 
GPC Cleanup: <YIN) !i._ pH: 7.7 Dilution Factor: 1.0 

I Number TICs found: ~ 
CONCENTRATION UNITS: 
<ug/L or ug/Kg> UG/L 

' 
I 

II 
I 
II 
l 

11 
I 
I 
I 
I 
I 
I 
I 

: CAS NUMBER : COMPOUND NAME RT EST. CONC. Q 
l================l============================l========:========·===•t=====l 

I 

--------------·-----

FORM I SV-TIC 1/87 Rev. 



lB EPA SAMPLE NO. 

I 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE16 
_ab Name: CEIMIC CORP 68D90028 

-~ Code: C:EIMIC Case No.: 15'341 SAS Nco.: SDG No.: BHE04 

Lab Sample ID: 910113-13 ·1r r i :,; : ( S•:O i 1/wat er) WATER 

3ample wt/vo:ol: 1000 (g/mL) !jb_ Lab File ID: ~D;5;3~4;8 ____ __ 

-tel: ( l•:ow/ med) ::.LO=-W~- Date Received: 02/28/91 

;: Mc•isture: 

::1 r ao: t ion : 

not dec. dec. 

<SepF/Cont/Sonc) SEPF 

Date Extracted: 03/01/91 

Date Analyzed: 04/04/91 

. -,,. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cleanup: <YIN) !i_ pH: 7.5 Dilution Factor: ~1~·~0 ____ _ 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<ug/L or ug/Kgl UG/L 

108-95-2--------Phenol~------------
111-44-4--------b is <2-Chl or•:tethyl) Ether ___ _ 
95-57-8---------2-Chlorophenol ______________ __ 
541-73-1--------1,3-Dichlorobenzene ______ _ 
106-46-7--------1,4-Dichlorobenzene _____ _ 

' 100-51-6--------Benzyl Alcohol ___________ __ 
95-50-1--~------1,2-Dichlorobenzene _______ _ 
95-48-7---------2-Methylphenol __________ __ 
108-60-1--------b is <2-Chl oro i sopr•:)pyl) Ether_: 
106-44-5--------4-Methylphenol _________ __ 
621-64-7--------N-Nitroso-Di-n-Propylamine ___ : 
67-72-1---------Hexachloroethane __________ __ 
'38-'35-3---------N it r obenz ene ________________ _ 
78-59-1---------Isophorone __ ~----------------
88-75-5---------2-Nitrophenol ____________ _ 
105-67-9-~------2,4-Dimethylphenol ______ _ 
65-85-0---------Benzoic Acid _________ _ 
111-91-1--------bisC2-Chloroethoxy)Methane ___ l 
120-83-2--------2,4-Dichlorophenol ________ __ 
120-82-1--------1,2,4-Trichlorobenzene ______ _ 
91-20-3---------Naphthalene ______________ __ 
106-47-8--------4~Chloroaniline~----------
87-68-3---------Hexachlorobutadiene ______ _ 
59-50-7---------4-Chloro-3-Methylphenol ____ _ 
'31-57-6---------2-Methylnaphthalene ______ _ 
77-47-4---------Hexachlorocyclopentadiene __ __ 

' 88-06-2---------2,4,6-Trichlorophenol ______ __ 
95-95-4---------2,4, 5-Tr ichl•::.rophenol _____ _ 
91-58-7---------2-Chloronaphthalene ________ _ 
88-74-4---------2-Nitroaniline ___________ _ 
131-11-3--------Dimethyl Phthalate ________ __ 
208-'36-8--------Ac enapht hy 1 en e ____________ _ 
606-20-2--------2, 6-Din i trot•:ol uene ________ _ 

Q 

10 :u 
10 :u 
10 :u 
10 :u 
10 lU 
10 lU 
10 :u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 lU 
10 lU 
10 lU 
10 :u 
10 :u 
10 lU 
10 :u 
10 :u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 u 
10 u 
10 ,u r 
10 :u ' 

l ;,89 
I 

I FORM I SV-1 1/87 Rev. 



-'"' ! -. ·"~· 1. ·-- ·~·--..,_ . _, I 
I 

lC EPA SAMPLE NO. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

BHE16 Lab Name: CEIMIC CORP 68D'30028 lab CEIMIC Case No:o. : 15'341 SAS No.: SDG No.: BHE04 
.atr i x: ( s•:o il fo..Jat er) WATER Lab Sample ID: 910113-13 
llample wt/vo:•l: 1000 Cg/mL) t1b...._ Lab F i 1 e I D: ::.D.:5.:3:....;4~8::-... __ _ 

level: ( 1 o:ow I med ) L:::.;D:.;W:.:......_ Date Received: 02/28/'31 
% Moisture: not dec. dec. Date Extracted: 03/01/'31 

l:r;tract ion: <SepF/Cont/Sonc) Date Analyzed: 04/04/'31 rc Cleanup: CY/N) ti_ pH: 7.5 Dilution Factor: ~1~·~0~--------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: CAS NO. COMPOUND Cug/L or ug/Kgl UG/L 

'3'3-0'3-2---------3-N it r •:oan i 1 i ne _______ _ 83-32-'3---------Acenaphthene _________________ _ 
51-28-5---------2,4-Dinitrophenol_. _____ __ 100-02-7--------4-Nitrophenol _____________ _ 
132-64-9--------Dibenz•::ofuran __________________ _ 
121 -14-2--------2, 4-Din :i: trot c•l uen e _________ _ 84-66-2---------Diethylphthalate ________ __ 
7005-72-3-------4-Chloropheny1-phenylether ___ : 86-73-7---------Fluorene ______________________________ ___ 
100-01-6--------4-Nitroaniline--------------, 534-52-1--------4,6-Dinitro-2-Methylphenol ___ : 86-30-6---------N-Nitrosodiphenylamine (1) ___ : 101-55-3--------4-Bromophenyl-phenylether __ : 118-74-1--------Hexachlorobenzene ____________ _ 87-86-5---------Pentachlorophenol ____________ _ 85-01-8---------Phenanthrene _____________ _ 120-12-7--------Anthl"acene ___________________ _ 
84-74-2---------Di-n-Butylphthalate ________ __ 206-44-0--------Fluol"anthene ________________ _ 129-00-0--------Pyr ene __________________ _ 
85-68-7---------Butylbenzylphthalate ____________ __ '31-'34-1---------3, 3' -Dichlol"obenz idine ______ _ 56-55-3---------Benzo(a)Anthl"acene -----------218-0 1-·3--------Ch l" ysen e _______________________________ ___ 
117-81-7--------bis<2-Ethylhexyl)Phthalate ____ : 117-84-0--------Di-n-Octyl Phthalate ____ _ 
205-'3'3-2--------Benzo <b )Fl uol"anthene ________ __ 207-08-9--------Benzo(k)Fluoranthene _______ _ 
50-32-8---------Benzo<alPyrene~-=-----------1'33-3'3-5--------Indeno< 1, 2, 3-cd:>Pyrene ___ _ 53-70-3---------Dibenz<a,h)Anthl"acene _______ _ 
191-24-2--------Benzo<g,h,i)Pel"ylene _______ __ 

(1) - Cannot be sepal"ated from Diphenylamine 

Q 

50 :u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
20 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 .u 
10 :u 

/"( \ '590 
; \ 

I ·-\ 
I / ; 

; ·,. •. / 

I FOF~M I SV-2 1/87 Rev. 



I 
I 

lF 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: CEIMIC CORP Contract: 68D90028 

EPA SAMPLE NO. 

BHE16 

llab c:.:;de: CEIMIC Case Nco. : 15'341 SAS No.: SDG No.: BHE04 

IMatrb;: (s•::oil/water) WATER Lab Sample ID: 

. Sample wt/vcol: 1000 (g/mL) !11::..._ Lab Fi 1 e ID: 

llevel: ( l•:•w I med) ::.L::::.OW:..:...__ 

% M•:•isture: not dec. 

IExtract io::on: (SepF/Cont/Sonc) 

I GPC Cleanup: <YIN) ~ 

I Number TICs f•::tund: __Q_ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

de•:. 

pH: 7.5 

Date Re•:ei ved: 

Date E:t;tracted: 

Date Analyzed: 

Di 1 ut ion Factor: 

CONCENTRATION UNITS: 
<ug/L or ug/Kg) UG/L 

FORM I SV-TIC 

'310113-13 

D5348 

02/28/91 

03/01/91 

04/04/91 

1.0 

... 
' . 

1/87 Rev. 



10 EPA SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

I BHE04 Lab Name: CEIMIC CORP Contract: 68090028 

lab C.:·de: ':E I M I C (:ase N.:•. : 15'341 SAS No.: SDG N•:•. : BHE04 

Mat r i :·,.;: 

Iampl e 

r. s eo i 1 I •,.,1 at e r ) SOIL Lab Sample ID: '310113-01 

•,.,1t /vc•l: 30. 1 (g/mL) Lab File ID: 

level: (low/med) LOW Date F.:e•:eived: 02/28/'31 

% Moisture: not dec. Date E:,;tracted: 03/0'3/'31 

1-,.+- r a·- t 1. ,-,n • • ~I, - - - • ( SepF /C•:•nt /So::on•:) Date Analyzed: 03/29/91 

(3F'C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cl eanLlp: (Y/N) ti_ pH: 6. 5 D i 1 Ll t ion Fact or : .::.1..:.•..;:('--1 __ _ 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L .:or ug/Kg) UG/KG Q 

31 '3-84-6--------al pha-BHI: __________ _ 
31 '3-85-7 --------bet a -BHC ___________ _ 
31 '3-86-8--------del t a-BHC __________ _ 
58-89-'3---------gamma-BHC (Lindane)------
76-44-8---------Hept a•: h l•:•r -----------30'3-00-2--------Al dr in ____________ _ 
1024-57-3-------Hepta•:hlor ep•::o)';ide _____ _ 
'359-·38-8--------Endosul fan I _________ _ 
60-57-1---------D i el dr in ___________ _ 
72-!;i5-'3:---------4, 4' -ODE ___________ _ 
72-20-8---------Endrin ____________ _ 
33213-65-9------Endosu1fan II ------------72-54-8---------4,4'-DDD ___________ _ 
1031-07-8-------Endosu1fan sulfate _____ _ 
50-2'3-3---------4, 4' -DDT ___________ _ 
72-43-5---------Met hcoxyc h 1 or----------
53494-70-5------Endrin ketone ---------51 03-71-'3-------a1 pha-Ch 1 or dane _______ _ 
5103-74-2-------gamma-Ch1•::.rdane _______ _ 
8001-35-2-------Toxaphene __________ _ 
12674-11-2------Aroclor-1016 
111 04-28-2------Ar oc 1 or -1221----------
11141-16-5------Aroc1or-1232 _________ __ 
5346'3-21-'3------Ar •:•c 1 or -1242 _________ _ 
126 72-2'3-6------Ar •::oc 1 or -1248 _________ _ 
11 097-6'3-1------Ar •::oc 1 or -1254 _________ _ 
11 0'36-82-5------Ar •:u: 1·::or -1260 _________ _ 

I 

8. 8; us 
8.8'U 
8.8 u 
8.8 u 
8.8 u 
8.8 u 
8.8 u 
8.8 u 

1a : u·:r 
16 : J 
18 :u ~ 
18 :uJ 
18 : u 
18 : u 
4'3 rr 
88 : u "J'" 
18 : u 
88 :u 
88 :u 

180 
88 
88 
88 
88 
as· 

180 
180 

:u 
:u 
:u l 

:~ I 
:u....,.. 
: u ._J 

r~ , 740 

1/87 Rev. 



I 10 EPA SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

I BHE05 
Lab Name: CEIMIC CORP Contract: 68D90028 

I Lab C·:•de: CEIM I C Case Nc•. : 15'341 SAS Nc•.: SDG No.: BHE04 

I
Matri>-:: Cs•:•ili'.¥ater) SOIL 

Sample '""t/vol: 30.3 (g/mL) !1.__ 

Lab Sample ID: 910113-02 

Lab File ID: 

~Level: ( l•:•1•J/ med) =.L~O::.:.W __ Date Received: 02/28/91 

:~ M•:• i st ur e: n•:•t dec. _.lZ. Date Extracted: 03/09/91 

Date Analyzed: 03/29/91 

1 
GPC Cleanup: (Y/N) !L_ pH: 5.2 Dilution Factor: 1.00 ..:...!..~--

CONCENTRATION UNITS: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

31'3-84-6--------al pha-BHC __________ _ 
31'3-85-7 --------bet a-BHC __________ _ 
31'3-86-8--------del t a-BHC __________ _ 
58-89-9---------gamma-BHC (Lindane) ____ _ 
76-44-8---------Hep t a•: h l•::.r ----------
30'3-00-2--------A l dr in------------
1024-57-3-------Heptachl•::.r epo~,; ide _____ _ 
'35'3-'38-8--------Endosul fan I ________ _ 
60-57-1---------Dieldrin __________ _ 
72-55-·3---------4, 4' -DOE __________ _ 
72-20-8---------Endrin ___________ _ 

33213-65-'3------Endosul fan I I---------
72-54-8---------4,4'-000 ___________ _ 
1031-07-8-------Endosulfan sulfate ______ __ 
50-29-3---------4,4'-DDT __________ _ 

72-43-5~--------Methoxyc h l•::.r ---------
53494-70-5------Endrin ketone _________ _ 
51 03-71-'3-------al pha-Ch 1 or dane _______ _ 
5103-74-2-------gamma-Chlordane ________ _ 
8001-35-2-------Toxaphene __________ _ 
126 7 4-11-2------Ar •:tC lor -10 16 ________ _ 
11104-28-2------Aroclor-1221 _________ _ 
11141-16-5------Aroclor-1232 _______ ---
5346'3-21-9------Ar oc 1 or -1242 _________ _ 
126 72-2'3-6------Ar •:tc 1 or -1248 ________ _ 
11 0'37 -6'3-1------Ar oc lor -1254 ________ _ 
11 0'36--82-5------Ar •:tc lor -1260 ________ _ 

FOR~ I PEST 

'3. 5: u 
i• '3. 5: u 

3.5:u l '3. 5: u 
'3. 5: u 
'3. 5: u 
'3. 5: u .. 

30 r:r 
1'3 : u :::r 
1'3 :u 
19 :u 
1'3 :u 
1'3 :u 
1'3 :u 
'35 :u 
1'3 :u 
'35 :u! 
'35 ·u 

1'30 u 
'35 u 
'35 u 
'35 u 
'35 u 
'35 u 

1'30 .u 
1'30 

1/87 Rev. 



lD 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

I 
Lab Name: CEIMIC CORP Contract: 68090028 

! 

f~'!k~rrL£ NO. ,_ J·' 
BHE06 

ao _.c• e: __ I ' ,-. d ,_- .. F T M I ,-_·. Case N•:•. : 15'341 SAS Nc•.: SDG Nc•. : BHE04 

Matrix: (soil/water) 

Iampl e 1..Jt/vol: 

level: Clc•w/med) 

~ Moisture: not dec. 

SOIL 

3(). 3 Cg/mL) ll__ 

LOW 

Lab Sample ID: '310113-03 

Lab File ID: 

Date Received: 02/28/'31 

03/0'3 /'31 

Date Analyzed: 03/29/91 

(3PC 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cleanup: CY/N) ~ pH: 5. 1 Dilution Factor: 1.00 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

31 '3-84-6--------al pha-BHC __________ _ 
31 '3-85-7 --------bet a -BHC ___________ _ 
31 '3-86-8--------del t a-BHC __________ _ 
58-89-9---------gamma-BHC (Lindane) ------76-44-8---------Heptachlor ____________ _ 
309-00-2--------Aldrin ---------------1024-57-3-------Heptachlor ep•::.xide _____ _ 
'35'3-'38-8--------Endosul fan I---------
60-57-1---------Dieldr in ____________ _ 
72-55-9---------4,4'-DDE -------------72-20-8---------Endr in ____________ __ 
33213-65-·3------Endosul fan I I---------
72-54-8---------4,4'-DDO ____________ _ 
1031-07-8-------Endosulfan sulfate -------50-2'3-3---------4, 4' -DDT ____________ _ 
72-43-5---------Met hoxyc h l•::.r ---------
534'34-70-5------Endr in ket•::.ne ________ _ 
51 03-71-'3-------al pha-Ch 1 or dane _______ _ 
5103-74-2-------gamma-Ch1 or dane _____ ._· __ _ 
8001-35-2-------Toxaphene ___________ _ 
12674-11-2------Aroclor-1016 
11104-28-2-----Aroclor-1221---------
11141-16-~------Aroclor-1232 ________ _ 

:. 5346'3-21-9-----Ar oc 1 or -1242 ________ _ 
126 72-2'3-6------Ar oc 1 or -1248 ____ ,__~---
11 0'37-6'3-1------Aroc 1 or -1254 ________ _ 
11 0'36-82-5------Ar oc l•::.r -1260 ________ _ 

FOF:M I PEST 

I 
I 

I 
I 

·3. 3: u·-f 
,- '""IU • ....) ;;.~, 

'3, 3: u 
'3. 3: u 
'3, 3: u 
'3, 3: u 
'3. 3: u 
'3, 3: u 

1 '3 :u 
1 '3 :u 
1'3 :u 
1'3 :u 
1 '3 :u 
1'3 :u 
1'3 :u 
'33 :u 
1 '3 :u 
'33 :u 
'33 :u 

1'3(1 :u 
'33 :u 
'33 u 
93 u 
'33 u 
'33 u 

190 ~5 1'30 

r 
'.....,.· ' 
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1D 
,::·EST I C I DE iJFJ3Af\J I CS ANAL ':''3 IS DATA SHE~T 

EPl7t: SAM!f'LE i'JO. 
-~ -e·. ' ~ i ./ 

BHE07 
Name: CEIMIC COF:F' Contract: 68030028 

CE I M I C SDt3 No.: BHE04 

Mat r i :.·; : ( s •:• i l I '..J at e r ) S 0 I ' L.=~b Sample ID: ·~10113-04 

I amp 1 ·= '...It / v o 1 : ·~·). 0 (g/mL) ~ L::tb File ID: 

(low/med) LOW 02/28/'~ 1 

n•:•t dec. Date E:,;tracted: 03 I o·~ I·~ 1 

I:..; t r a·= t i •:• n : ( Sep F /Con t / S·:•n •: :> SOI'JC Date Analyzed: 03/29/91 

GF'C Cleanup: C:YIN) bL_ pH: 4.2 DilLltion Fa•:tol'": 1.00 .::_:,..;.:,;.,;;:;___ __ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMPOUND C:ugiL or ugiKg) UGIKG Q 

31 '3-84-6--------al pha-BHC ___________ _ 
31'3-85-7--------bet a-BHC ___________ _ 
31 '3-86-8--------del t a-BHC ___________ _ 

'3. 5: u--
'3. 5: u 
'3. 5: u 

58-83-9---------gamma-BHC (Lindane) 3.5:U 
76-44-8---------Hep t a•: h l ol'" -----------
30'3-00-2--------Al dY" in-------------
1 024-57-3-------Hept ac h lor ep•:•:,; ide _____ _ 
'35'?-'38-8--------EndoSLll fan I----------
60-57-1---------Die 1 d Y" in------------
72-55-·3---------4, 4' -DOE ___________ _ 
72-20-8---------EndY" in ____________ _ 
33213-65-9------Endosulfan II ---------72-54-8---------4,4'-DDD ___________ _ 
1031-07-8~------Endosulfan sulfate ------
50-2·~-3---------4, 4' -DDT ___________ _ 

72-43-5---------Met hc•:,;y•: h l•:•r ----------
534'34-70-5------Endl'" in ket•:•ne ________ _ 
51 03 -71-'3-------a l ph a -Ch l•x dane _______ _ 
5103-74-2-------gamma-ChloY"dane _______ _ 
800 1-35-2-------T·:•:,;aphene ___________ _ 
126 74-11-2------Ar •:": 1 c•r -10 16 _________ _ 
111 04-28-2------Ar 0:11: 1 c•r -122 1 _________ _ 
11141-16-5------AY"oc1oy--1232 ----------53469-21-9------Aroc1oY"-1242 ----------12672-23-6------AY"ocloY"-1248· ----------11097-69-1------Ay-oclor-1254 ----------11096-82-5------AY"ocloy--1260 ----------

FOF:M I PEST 

'3. 5: u 
'3. 5: u 
'3. 5: u 
·3. 5: u 

1'3 : u 
1':1 :u 
1'3 
1'3 
1'3 
1'3 
1'3 
'35 
1'3 
'35 
'35 

1'30 
'35 
'35 
'35 
'35 
'35 

1'30 
1'30 

:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 
u 
u 
u 
u 
u 

. 

..:.~#· 

../ 

o~ \ 751 
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lD EPA SAMPLE NO. 

I 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

BHE08 
Lab Name: CE I M I C COF''P 

~--------------
Contract: 68D90028 

I L.:o.b CEIMIC Case Nc •• : 15'341 SAS N•:•. : SDG Nc•. : BHE04 

Matr i ~,;: 

I 
SOIL Lab Sample ID: '31 0 113-(>5 

'.3amp 1 e wt /v•:•l: 30. 1 (g/mL) Lab F-i 1 e ID: 

I Level: ( 1 ow I ffled) L=.O:::.W::.:..... __ Date Received: 02/28/91 

I. Mc•isture: nc•t de•:. ~ de•:. Date Extracted: 03/09/91 

( SepF /Cant /S•:•nc) Date Analyzed: 03/29/91 

1 
13PC Cleanup: (Y/N) ~ pH: 4. 8 Dilution Factc•r: =-1.:... ;::;.0 __ _ 

CONCENTRATION UNITS: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

31 '3-84-6--------al pha-BHC __________ _ 
31 '3-85-7 --------bet a -BHC ___________ _ 
31 '3-86-8--------del t a-BHC __________ _ 
58-8'3-'3---------gamma-BHC (Lindane)------
76-44-8---------Hept a•: h l•:>r -----------
309-00-2--------Aldrin --------------1 024-57-3-------Hept ac h l•:tr ep•:tx ide _____ _ 
'35'3-'38-8--------Endosul fan I---------
60-57-1---------D i el dr in ___________ _ 
72-55-'3---------4, 4' -DDE ___________ _ 
72-20-8---------Endr in ____________ __ 
33213-65-9------Endosulfan II ---------72-54-8---------4,4'-DDD ____________ _ 
1031-07-8-------Endosulfan sulfate _____ _ 
50-29-3---------4,4'-DDT ___________ _ 
72-43-5---------Methoxychlor __________ _ 
534'34-70-5------Endr in ket•::.ne ________ _ 
51 03-71-'3-------al pha-Ch 1 or dane _______ _ 
51 03-74-2-------gamma-Ch l•:>r dane _______ _ 
8001-35-2-------Tc•xaphene __________ __ 
12674-11-2------Aroclor-1016 _________ _ 
111 04-28-2------Ar oc 1 or -1221 __________ _ 
11141-16-S------Ar •::r•: 1 or -1232 __________ _ 
5346'3-21-'3------Ar oc 1 or -1242 ________ _ 
126 72-2'3-6------Ar •::>•: 1 or -1248 ________ _ 
11 0'37 -6'3-1------Ar oc 1 or -1254 ________ _ 
11 0'36.-82-5------Ar oc l•:tY' -1260 __________ _ 

FORM I PEST 

I 

·;.. 4; u-:)' 
·;.. 4: u 
·3. 4: u 
'3. 4 u 
9.4 u 
'3. 4 u 
·;.. 4 u 
9.4 u 

1'3 u 
1'3 u 
1 '3 u 
1'3 u 
1'3 u 
19 u ' 1 '3 u 
'34 u 
1'3 u 
94 u 
'34 u 

190 .u 
'34 u 
94 u 
'34 u 
'34 u 
'34 u 

190 u_j 
190 u . ..' 

1/87 F:ev. 



I 1D EPA SAMPLE NO. PESTICIDE ORGANICS ANALYSIS DATA SHEET 

I 
Lab Name: CEIMIC CORP BHE0'3 

Contract: 68D90028 I Lab Code: CEIMIC Case No.: 15'341 SAS N•:•.: SDG N•::.. : BHE04 
Matri:..:: (sc•il/water) 

I Sample wt/vol: 

SOIL 

30.0 (g/mL:> IL_ 

Lab Sample ID: '310113-06 

Lab File ID: I Level: (low/med) LOW Date Received: 02/28/91 
% Moisture: not dec. dec. Date Extracted: 03/09/91 I E~r.trao:tic•n: ( SepF /Co::.nt /So:•nc) Date Analyzed: 03/29/91 
GPC Cleanup: <YIN) !:!__ pH: 5.0 Di 1 ut icon Factor: .::..1.:...• (.:...)<.:...) __ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: CAS NO. COMPOUND Cug/L or ug/Kg:> UG/KG 

31'3-84-6--------al pha-BHC __________ _ 
319-85-7 --------bet a-BHC ___________ _ 
31'3-86-8--------del t a-BHC __________ _ 
58-89-'3---------gamma-BHC: (Lindane) _____ _ 
76-44-8---------Hept ac h lo;:,r -----------30'3-00-2--------Al dr in ____________ _ 
1 024-57 -3-------Hep tach 1 or ep .;:, ~,;ide _____ _ '35'3-'38-8--------Endc•sul fan I _________ _ 60-57 -1---------D i el dr in ___________ _ 72-55-'3---------4, 4' -DDE ___________ _ 72-20-8---------Endr in ____________ _ 
33213-65-9------Endosulfan II ---------72-54-8---------4,4'-DDD ___________ _ 
1031-07-8-------Endosulfan sulfate _____ _ 50-2'3-3---------4, 4' -DDT ___________ _ 
72-43-5~--------Methoxychlor _________ _ 
534'34-70-5------Endr in keto;:,ne ________ _ 5103-71-'3-------alpha-Chlordane _______ _ 5103-74-2-------gamma-Chlordane _______ _ 8001-35-2-------Toxaphene __________ _ 
12674-11-2------Aroclor-1016 __________ _ 
111 04-28-2------Ar oc 1 or -1221 _________ _ 11141-16-5------Aroclor-1232 _________ _ 
5346'3-21-9------Aroclor-1242 ----------12672-2'3-6------Aroclor-1248 ----------11 0'37 -6·3-1------Ar oc 1 or -1254 _________ _ 
11 0'36-82-5------Ar oc lo::.r -1260 _________ _ 

FORM I PEST 

.. . .. 

'3.8 
'3. 8 
'3. 8 
'3. 8 
'3. 8 
'3. 8 
'3. 8 
'3. 8 

2() 

20 
20 
20 
20 
20 
20 
'38 
20 
'38 
'38 

200 
'38 
'38 
'38 
'38 
'38 

200 
200 

Q 

-r' 
U.) 
u 
u 
u 
Uj 
u; 
Ul 
Ui 

:u 
:u 
:u 
:u 
:u 
:u 
:u 
:u 1 

: u II :u I 
:u i' 
:u l :u 
:u j 
:u\ 
: u I 
: u !¥ 

:uy :u 
I ~ 
I 

l/87 Rev. 



I 
1D 

PESTICIDE ORGANICS ANALYSIS DATA SHEET 
EPA SAMPLE NO. 

BHE10 
I b hi -~·Mrr -npF· Contract: S8D90028 I "-a ~_,ame: ~~: _r. , • ~· '-·w .. -. 
Lab ,_.ode: I_ . ._. M 11_ I_. a se No. : 15'341 SAS No.: SDG No.: BHE04 

I Matr i >·:: 

Sample 

I Level: 

wt/vol: 

SOIL 

30.4 

LOW 

Lab Sample ID: '310113-07 

(g/mL) Lab F i 1 e ID: 

Date F.:e•: e i ved: 02/28/'31 

I% Mc•isture: n•:•t de•:. _ 13 . de•:. 

E:r.tractlc•n: <.SepF/I_:,:.nt/S•::on•:.l SONC 

Date Extracted: 03/09/91 

Date Analyzed: 03/29/91 

~ -· l r·F·r· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cleanup: (Y/N) ~ pH: C" .-. 
...J • ..::. 1.0 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

31'3-84-6--------alpha-BHC __________ _ 
31 '3-85-7 --------bet a-BHC ___________ _ 
31 '3-86-8--------del t a-BHC __________ _ 
58-8'3-·3---------gamma-BHC (Lindane)------
76-44-8---------Hep t a•: h l•:•r -----------
30'3-00-2--------A1 dr in ____________ _ 
1024-57-3-------Hepta::hl•:•r ep•:•:r. ide _____ _ 
'35'3-'38-8--------End•::OSLll fan I----------
60-57-1---------Die1dr in ___________ _ 
72-55-·3---------4, 4' -DOE ___________ _ 
72-20-8~--------Endrin ____________ _ 
33213-65-·3------Endosu1 fan I I ________ _ 
72-54-8---------4,4'-DDD _____________ _ 
1031-07-8-------Endosu1fan sulfate _____ _ 
50-2'3-3---------4·, 4' -DDT ___________ _ 
72-43-5---------Methoxychlor __________ _ 
534'34-70-5------Endr in ~~etone ________ _ 
51 03-71-'3-------al pha-Ch 1•::or dane _______ _ 
5103-74-2-------gamma-Ch1ordane _______ _ 
800 1-35-2-------Toxaphene-=--~---------
126 7 4-11-2------Ay •::Oc 1 01" -1016----------
111 04-28-2------Ar •:t•: 1 or -1221_~--------
11141-16-5------AY o::u: l 01" -1232 _________ _ 
5346'3-21-'3------Ar •::OC 1 cor -1242 _________ _ 
126 72-29-6------Ar o•: 1•:•r -1248 _________ _ 
11 0'37-6'3-1------Ar •:U: 1 or -1254 _________ _ 
11 0'36-82-5------Ar •:": 1•:•r -1260 _________ _ 

- l:U-( ';j • I o/ 
'3. 1 : u 
'3. 1: u 
'3. 1: u 
'3. 1: u ' 
'3. 1: u 
'3. 1 : u 
'3. 1: u 

18 : u 
18 : u 
18 : u! 
18 : u 
18 : u 
18 : u 
18 : u 
'31 u 
18 u 
'31 u 
'31 u 

180 u 
'31 u 
'31 u ' 

H ~ ~ 
1so :ur.··A 
180 : LY ~ 

I ' -------·-----

~'"':'~ ... ~~ 
~: 

I 
I FOPM I PEST 1/87 Rev. 



I 
1D 

PESTICIDE ORGANICS ANALYSIS DATA SHEET 
EPA SAMPLE NO. 

BHE11 
lab 1\Jame: C:EIMIC CORP Contract: 68D90028 

Lab Code: CEIMIC Case No. : 15';.41 SAS Nc•.: SDG Nc•. : BHE04 

Lab Sample ID: 910113-08 

l
·~ample wt/vol: 

~evel: Clo~/med) 

3(>. 3 Lab Fi 1 e ID: (g/mL) !2__ 

LOW Date Re•:eived: 02/28/'31 

I Mc•isture: nc•t de•:. __ 8 Date Extracted: 03/09/91 

E:,;t r act i •:•n: 

lpc Cleanup: 

( SepF /Cont /Son•:) 

CY/N) rL_ pH: c. .-, 
o • ..:. 

Date Analyzed: 03/29/91 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kg) UG/KG Q 

319-84-6--------alpha-BHC ----------------------31 '3-85-7--------bet a-BHC ________________ _ 
31 '3-86-8--------del t a-BHC ______________ _ 
58-8'3-'3---------gamma-BHC (Lindane)----------
75-44-8---------Heptachl•:.r _______________ _ 
30'3-00-2--------Al dr in _____________ _ 
1024-57-3-------Heptachlor epoxide ______ __ 
959-98-8--------Endosulfan I ---------------50-57-1---------Dieldr in ___________ _ 
72-55-'3---------4, 4' -DDE ____________ _ 
72-20-8---------Endr in ________________ _ 
33213-55-9------Endosulfan II -----------------72-54-8---------4,4'-DDD _____________ _ 
1031-07-8-------Endosulfan sulfate _________ _ 
50-2'3-3---------4, 4' -DDT _________________ _ 
72-43-5---------Methoxy•:hlor _______________ _ 
534'34-70-5------Endr in ketone ______________ _ 
5103-71-'3-------al pha-Chl or dane _____________ _ 
5103-74-2-------gamma-Chl•:trdane _______________ _ 
8001-35-2-------To:r. aphene __________ __ 
126 7 4-11-2------Ar •:tc 1 or -10 16 _______________ _ 
111 04-28-2------Ar oc lor -1221 ___________ _ 
11141-16-5------Ar •:Oc 1 or -1232 __________ _ 
5346'3-21-·3------Ar oc lor -1242 _ __;,. ____________ _ 
126 72-2'3-6------Ar •:oc 1 or -1248 ______________ _ 
11097 -6·3-1------Ar •:Oc 1 or -1254 _______________ _ 
11 0'36-82-5------Ar •::tc 1 or -1260 _______________ _ 

I 

8.5;uj' 
8.6:U I 
8.6:U 
8. 6: u . 
8.5: u I 
8.6:U \ 
8.6:U 
8.6:U t 

17 : u l 
17 : u 
17 : u 
17 : u 
17 
17 
17 
86 
17 
86 
86 

170 
86 
86 
86 
86 
86 

170 
170 

',U y 
:u 11 

: u 1~ 
:u . 
: u t 
:u 
:u 
u 
u 
u 
u 
u 
u 
u u·:J 

FORM I PEST 1/87 Rev. 
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I 
I 10 

EPA SAMPLE NO. 

PESTICIDE ORGANICS ANALYSIS DATA SHEET 

BHE12 

1 
• t-.1 r·c I M I - ~--·.o .... ·.:::. 

Contract: 68090028 

~--ao ~-.ame: ~-- _ . ~~. ~ 
Lao Lode: LE1MIL Case No.: SAS No.: SDG No.: BHE04 I .- .'~ • tat .,; .... (soil/water) SOIL 

Lab Sample ID: '310113-0'3 
'3ampl e •..Jt/vol: 30.4 (g/mL) !L_ Lab File ID: level: ( l•:••..J I med) LOW =---- Date Received: 02/28/91 ~ Moisture: not dec. 20 dec. 

lxt r a•: t i•:•n: (SepF /Cc•nt /S•::on•:) 

Date Extracted: 03/0'3/'31 
Date Analyzed: 03/2'3/'31 Cleanup: (Y/N) t:L_ pH: 5. '3 Dilution Factor: 2.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS: (ug/L or ug/Kg) UG/KG Q 

31 '3-84-6--------a 1 ph a -BHC __________ _ 
31 ·3-85-7 --------bet a -BHC ___________ _ 
3 l':t-86-8-------:...del t a-8HC __________ _ 58-8'3-·3---------gamma-BHC (Lindane)-------76-44-8---------Hept a•: h 1 •:Or ------------
309-00-2-------~Aldrin -----------------
1024-57-3-------Heptachl•::rr ep•:rx ide ______ _ 
959-98-8--------Endosulfan I -----------
60-57-1---------Dieldrin --------------
72-55-·3---------4, 4' -ODE _______________ _ 72-20-8---------Endrin --------------------
33213-65-·3------Endosul fan I I-----------
72-54-8-------~-4,4'-DDD ---------------
1031-07-8-------Endc•su1 fan sulfate _____ _ 
50-2'3-3---------4, 4' -DDT ____________ _ 72-43-5---------Met hoxyc h l•:rr ------------
534'34-70-5------Endr in ket•:•ne ________ _ 
5103-71-'3-------a1pha-Chlordane ________ _ 
5103-74-2-------gamma-Chl•::rl"'dane ________ _ 
800 1-35--:-2-------To:r: aphene ___________ _ 
126 7 4-11-2------Ay OC 1 Ol'" -10 16 ____________ _ 
111 04-28-2------Ar oc l Ol'" -1221 _________ _ 
11141-16-5------Ay •::-•: 1 Ol'" -1232 __________ _ 
5346'3-21-'3------Ar •:-c 1 oY' -1242 _________ _ 12672-29-6------ArocloY-1248 

---~~-----

11 0'37 -6'3-1------Ar Qr: 1 Ol'" -1254 __ __;;_ _____ _ 
11 0"36-82-5------AI"' •:Or: 1r:tl'" -1260 ______ ~..._ __ 

20 :u ...,.. 
2(1 :u .,J 

20 :u~ 20 :u 
20 :u 
21 ::.; 
20 :u::T 
20 :u-:-} 3'3 :u 

240 :::r-
3'3 : u ::r 
3'3 

'U ~ 3'3 ;u 
3'3 : u "'" 

4'?() --::r JJ- • I ....._.,. 

200 :u j; 
3'3 :u 

200 :u 
200 :u 
3'30 :u 
200 :u 
200 :u 
200 :u 
200 :u 
200 :u 
390 :u 
390 :u 

\ 7o2 

I 
I' 

I 
I FOPM I PEST 

4 ,,__ -

I 

·.:~. 

j 



I = 10 EPA SAMPLE NO. PESTICIDE ORGANICS ANALYSIS DATA SHEET 

I BHE13 Lab Name: CEIMIC CORP Contract: 68D90028 

I Lab C•:•de: CEIMIC Case No.: 15941 SAS SDG No.: BHE04 

I 
Mat r i :,; : ( s •:ci 1 I w at e r ) SOIL Lab Sample ID: '310113-10 

Sample •..Jtlvol: 30.4 (glmL) §____ Lab File ID: 

I Level: ( lo:IW I med) LOW Date Received: 02/28/91 

Date Extracted: 03109191 % Moisture: not dec. dec. 

I E:r.tra,:ti•::.n: ( SepF /Co::.nt ISo:ono:) Date Analyzed: 03129/91 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

GPC Cleanup: (YIN) tL_ pH: 6.0 Dilution Factor: ~1~-~o ____ __ 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
<:ug/L or ug/Kg) UG/KG 

31'3-84-6------~-a 1 pha-BHC __________ _ 
31'3-85-7--------bet a-BHC ____________ _ 
31'3-86-8--------del t a-BHC __________ _ 
58-8'3-·:t---------gamma-BHC (Lindane)------
76-44-8---------Hept ac h 1·::.r ------------30'3-00-2--------A1 dr in ____________ _ 
1 024-57-3-------Hept ac h l•:•r ep•:•x ide _____ _ 
959-98-8--------Endosulfan I ----------60-57-1---------Die1 dr in ___________ _ 
72-55-·:t---------4, 4' -DDE ___________ _ 
72-20-8---------Endrin~---:=-----------
33213-65-9------Endosu1fan II ---------72-54-8---------4,4'-DDD _______________ _ 
1031-07-8-------Endosu1fan sulfate ------50-2'3-3-:--------4, 4' -DDT ____________ _ 
72-43-5---------Methoxych1or _____________ _ 
534'34-70-5------Endr in ket•:•ne ____________ __ 
5103-71-9-------alpha-Chlordane --------5103-74-2-------gamma-Ch 1•::.rdane _______ _ 
8001-35-2-------Toxaphene __________ _ 
126 7 4-11-2------Ar •:u: 1 or -1 0 16 ___________ _ 
11104-28-2------Aroc1or-1221 --------------11141-16-5------Aroc1or-1232 ______________ _ 
5346'3-21-9------Ar oc 1 or -1242 ___________ _ 
126 72-29-6------Ar •::.c 1 or -1248 ____________ _ 
11 0'37 -6'3-1------Ar •::.c 1 or -1254 ___________ _ 
11 0'36-82-5------Ar •:u: 1•::.r -1260 _____________ _ 

FORM I PEST 

'3. 5 
'3. 5 
·j. 5 
'3. 5 
9.5 
'3. 5 
'3. 5 
'3. 5 

1'3 
1'3 
1'3 
1'3 
1'3 
1'3 
26 
'35 
1'3 
95 
'35 

190 
'35 
95 
95 
95 
'35 

190 
1'30 

Q 

u·? 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u: 
u 
u 
u 

i::r 
:u 
:u 
:u 
u 
u 
u 
u 
u 
u 

~·:r 
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·;---- .. .......,.;;) 

EPA SAMPLE NO. 1D 

I 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

8HE14 
Lab Name: CEIMIC CORP C.:.ntract: 68D90028 

lb Cc.de: CEIMIC Case Nc•. : 15'341 SAS Nc•.: SDG N•::t.: BHE04 

ilt r i :r;: ( S•:• i 1 I water ) 

~ mpl e •,o,~t /v.:.l: 

WATER Lab Sample ID: '310113-11 

Lab File ID: 1000 Cg/mL) !:':!.!::.__ 

( l.:•w/med) LOW ='-"-- Date Received: 02/28/91 

% Moisture: not dec. dec. Date Extracted: 03/01/91 

l;t r act i •:•n: ( SepF /C•::tnt /Son•:) SEPF Date Analyzed: 03/28/91 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cl eanLtp: C:Y/N) ti__ pH: 7.6 Dilution Factor: 1.0 

CONCENTRATION UNITS: 
CAS NO. COMPOUND Cug/L or ug/Kgl UG/L Q 

31'3-84-6--------al pha-BHC __________ _ 0.050 u 
31'3-85-7 --------bet a-BHC ___________ _ 0.050 u 
31 '3-86-8--------del t a-BHC __________ _ 0.050 u 
58-8'3-'3---------gamma-BHC C Lindane)------ 0.050 u 
76-44-8---------Heptach1or __________ _ 0.050 u 
30'3-00-2--------A1 dr in ____________ _ 0.050 u 
1 024-57-3-------Hept a•: h 1 or epox ide _____ _ 0.050 u 
'35'3-'38-8--------Endosu1 fan I--------- 0.050:U 
60-57-1---------Die1 dr in ___________ _ o.1o:u 
72-55-·3---------4, 4' -DDE ___________ _ o.1o:u 
72-20-8---------Endrin __________ ~-- o.1o:u 
33213-65-'3------Endosul fan I I--------- o.1o:u 
72-54-8---------4,4'-DDD ___________ _ o.1o:u 
1031-07-8-------Endosulfa.n sulfate _____ _ o.1o:u 
50-2'3-3---------4, 4' -DDT ___________ _ o.1o:u 
72-43-5---------Methoxych1or _________ __ 0.50 u 
534'34-70-5------Endr in ket•::tne ________ _ o. 10 u 
5103-71-'3-------alpha-Chlorda.ne _______ _ 0.50 u 
5103-74-2-------gamma-Chl•::.rdane _______ _ 0.50 u 
8001-35-2-------Toxaphene __________ _ 1.0 u 
126 7 4-11-2------Ar oc l•=:~r -10 16 ________ _ 0.50 u 
11104-28-2-----Aroclor-1221 ______ - __ 0.50 u 
11141-16-5------Aroclor-1232 ________ _ 0.50 u 
5346'3-21-'3------Ar oc 1 or -1242 ________ _ 0.50 u 
126 72-2'3-6------Ar •::tc lor -1248 ________ __ 0.50 u 
11 0'37-6'3-1------Ar oc 1 or -1254 ________ _ 1.0 u 
11 0'36-82-5------Ar •::.•: 1 or -1260 ________ __ 1.0 u 

f', 770 
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I 
I 

lD EPA SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET· 

BHE15 Lab Name: CEIMIC CORP Contract: 68D90028 

I Lab Code: ~EIMIC Case Nc•. : 15'341 .SDG No.: BHE04 

Matri:r:: (s•:•il/water) 

I Sample wt/vol: 

~Level: (low/med) 

WATER 

1000 

LOW 

Lab 

(g/mL) !::1!:::.:_ L-ab 

Date 

Sample ID:. '310113-12 

Fi 1 e ID: 

F~e·: e i ved: 02/28/'31 

% Moisture: not dec. dec. Date E:t;tracted: 03/01 /'31 

I 
I 
I 
I 
I 

GPC 

I 
I 
I 
I 
I 
I 

Date Analyzed: 03/2'3/'31 
. 

Cleanup: (Y /N) ~ pH: 7.7 Dilution Factor: 1.0 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/L 

31'3-84-6--------al pha-BHC __________ _ 
31'3-85-7 --------bet a-BHC ___________ _ 
31'3-86-8--------del t a-BHC __________ _ 
58-8'3-·3---------g amma-BHC (Lindane)------
76-44-8---------Hep·t ac h 1 •:•r -----------
309-00-2--------Aldiin_ 

~-------------1024-57-3-------Heptachl •:•r ep•::.:~ ide _____ _ 
'359-'38-8--------Endosul fan I _________ _ 
60-57-1---------D i e1 dr in ___________ _ 
72-55-·3---------4, 4' -DOE ___________ _ 
72-20-8---------Endrin ____________ _ 
33213-65-9------~ndosu1fan II --------------72-54-8---------4,4'-DDD ___________ _ 
1031-07-8-------Endosulfan sulfate _______ _ 
50-2'3-3---------4, 4' -DOT ___________ _ 
72-43-5---------Met hoxyc h 1 •:or -----,-------
53494-70-5------Endrin ketone 

-----~----5103-71-'3-------alpha-Chlordane _______ _ 
5103-74-2-------gamma-Ch1ordane _______ _ 
8001-35-2-------T·:oxaphene __________ _ 
126 74-11-2------Ar O•: 1 Ol" -10 16 _________ _ 
111 04-28-2-----Ar oc lor -1221 _________ _ 
11141-16-5------Ar •:oc l •::ll" -1232 ______ -'-----
5346'3-21-'3------Ar oc l Ol" -1242----~------
126 72-2'3-6------Ar •::t•: 1 or -1248 ____ ~-----
11 0'37 -69-1------Ar C•C 1 Ol" -1254 _________ _ 
11 0'36-82-5------Ar •::t•: 1 •:•r -1260 _________ _ 

Q 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 L: 
0. 10 u 
0. 10 u 
0.10 u 
o. 10 u 
o.1o:u 
o.1o:u 
o.1o:u 
o.so:u 
o.1o:u 
o.so:u 
0.5o:u 

1. o: u 
0.5o:u 
0.5o:u 
o.so:u 
0.5o:u 
o.so:u 

1. 0: u 
1. o: u 

,. 
I 

I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a..P rata 'I'r'aCk:i.n; Fnrm l - Revalidation of case # 
revision 0 

___;,t=___;;;r_\..;.._ _______ REVIEWER : sen a"' fe I Le.g..,.n ::0 

Ti?E or D?.Rrn ·c cri t , s i gni f , Trans > CoJ I b lq ±I ()O 

if.':..SCR!PTICN : C a r re I o ±1 on C o e ff 1 c i e n±s we r:e, 

Q.Q9 5 -fn c if\-R-- r c fJ ''=::) . ±he ce-fo Cf' aJI 

as e.s::b rn Q,_-1-e d . 
r , - r:J 

add mo rcu (j ,-e 5r1 H:s 

0 o-T f Ce I J I U I t S ) fj matr1 Y-

ex ·, ± e r t Q__ ) a \ s 0 ' 
a 55 e..ss me I'' -t ooc\ s u n, rn a r ~ £-o r m · 

!:.:5.....-Q,lPTICN: k."'~--\ cest&l±:; A-a,- samples MBfQ 03,oW-. o5 a>x\ 03: 

CJ 'e rwac-+-s--1 :fcc n~ -t-,J.r oace. and a..1 I I e:a.d 

do.io. Q(o 

:-rbo.n 

n....-ua1 : _l='....\_\.:..::e..a::::!::::;;..:::.~..:::::;;,_,__,!....,S;.:e;;,l.ro.!....J..!o~v..::=e..==----'-' =::x-~/_,_-fl...· ~\o~e~:s......_--!.tt.:!..:o::::..l.'{Y\..:.......----l\~e..c:Lc=::::::::::.l:...__....:'....:e~s.J.uo£...).L...+s~j 

4.-\ )50 cd) e e-\s \ ' ::s ± 1 dO& ±a assess me..n± 

aod 

~itical error= a significant error Which effects 2 or JTCre sanples 
Sic;:Uficant error- categories identified en the Fun:t.ional G.lidelines 
Transcription errc:- • can also be considered as major or m.in:)r 

• 
- 'ID::;L ~ - '# =.....rr : 

' --- # SI~ #'mANS: __ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.::J.c: ::valuation nf Metals Data for the 
·:::ontract Lal.x:>ratory Program 
~ix A • .l: .Data Assessment - •:OOtract 
c::mpliarx:e (Total Review - Inorganics l 

?aae 

0ate: :eb. 1990 
i·Jt.Imber: n1·:- 2 
Revision: 10 

-------------------------------------------------------------~= YES N) 

-~.l.:: .. l/ ?orm X. ;a. ;ar CVerificatic:n of Jnc;tmreptaJ Parcmet:ersL 
:::...1. '.? .17 . .l Is verification rep:>rt. present for: 

Inst.rurrent Detection Limits (quarterly) ? 

1CP lnt.erelenent correction Factors (annually) ? 

ICP Linear Ranges (quarterly)? 

::..CTICN: lf no, contact D?J of the lab . 

. -.. .:. ... ~ . .::.:.: ?orm X { Instrtment Detection LiJnits) - (tbte: IDL is not. re::pired for Cyanide.) 

Are IDLs present for: all the analytes? 

all the instrurrents used? 

For roth AA an::1 !CP when both are used for same 
analyte? 

l;CT!Cl'J: If no for any of the above, prepare 
Telep10ne Record I.Dg and contact 
laOOratory. 

Is IIL greater ti'.an CRDL for any analyte? 

If yes, is the concentration on Fonn I of the sample analyzed on the instrument whose IDL exceeds CRilL, greater tllan 5 x IDL? 

i)CTICIY: If no, flag as estimated all values 
less than five times IDL of the instrument 
whose .IDL exceeds CRDL. 

[_._] 

. , 
L_J 

./ 
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_ ~ :..:2: .:t.taluaticn of Metals Data for 'L":e 
Contract ~ratory Program 
Appendix A. 1: Data Assessrrent - •:ontract 
Ccmplian:e ( Tot.a.l Review - L "X)rgani cs l 

.:...1. 3.17. 3 Form XI !Linear Ranges! 

::... ~. ·? .18 

Was any sa:rt;:~le result higher than high linear range 
of 10'. 

was a:Jri 5aiT;)le result higher t.'1an t..'1e highest 
calibration starx:iard for non-IO' pa.ram:t.ers? 

If yes for any of the ab::JVe, was the 
sample diluted to ob'"...ain the result on Fonn I? 

?CTIO~: "7 • rlO, :lag the result rep:>rt.ed on Fcnn · 
as esti.rrated(Jl. 

?ercmt ~1 ids of Sff1 i !TE!'1t.S 

Is soil content in sediment(S) less w1an 50%? 

ACTIO~: If yes, qualify as esti.r1"ated all data 
not previously rejected or flagged due 
to other OC criteria. 

of 

~te: feb. 1990 
Number: H"i·i- 2 
_qevision: 10 

[~'] 

/ 
/ 

_/ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

?age 01 35 
_, • '::: · :=·.a.luation of M:!tals Data for e-,e 

ccmtract I....aroratory Program 
0ate: ~eb. 1990 
Number: HW-2 :::.~ A. 2: :Data Assessrrern: Narrative 

~ \ site n Qo :". >.J.Jx: •. 
·-...) 

Lab [\' f\ 
~-1...-:..---'------

?.evision: 10 

Matrix: Soil _jQ__ 

Water .3 
:::nt".._r3.ctor ----'.__,..-::_·-..;..,-.Jr.....__;._. ___ _ Revie.;er \ d\ (; c.J:'w 

J ./~\ 
Other 

... -·-. ~e case description aTld exceptioT'.s, if any, are noted bela •. ; ..... :iw'!. reason(sl fer rejection or qualification as estimated value(s) J. 

___.......,..,.--.:.=..''""),.,.,....· 1
...:::,':, ... ~:._____,""'· ..... -.... -,-_. ~--_,_~·-.... \__._\ _._i c,_-·.....!t---"--:-_,~J~,.,.,..'i:i"'"' ~c ....:'-~""'c ~(i:....:·:__-r-...:.t ..... :: _;;·G..::-~ ·:::::::;;___:.__:.··-:-<_, ·,~1 ..!.<i 1~oao'J ~a '-...!,~.__-..._\ __ ... ;__\.~ ....... ··\~--'--"-(! _.,L,,c:::;.;...s __ _ 

r ~ 1 

{<.~.,.-\..:)<L ~&.si h\& 
·I 

\ l '.,LA.L ~pcl~n~ d 
I) 

:..::_ ~' I . '. \ ·-...._~ ~ ·, , \., . . '>..\\-\_'\ ,,~.... ~!li r, :u " . w c,..__ 

_ :__c,s 1 hA <\ .;:;ri'n.\FctD .-\.irh .. ~·\J-6 \ . 
' 

-----------------------------------------------------
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~:: tle: ::)Jaluation of Metals Data for w~e 
Contract Laboratory Program 
.~ A. 2; Data Assessrrent Narrative 

~ .... 2.1. (continuation> 

?age 22 c~ 35 

Date: :eb. 1990 
Number: J-r;·i- 2 
F.evision: 10 

------------------------------------· 

---------------------------------- ----._/ 

···. r . \',f\1\ ' 1--f i(" 
I J r 

., 
; 
l·HH tl... ' (·.i 

--------

\ I . 'j ---L- '' ' ~;Jl-+.-[C_Q.~i.._L~\tfu·" _ _;(._.c._l....,.~L[._}u..C_.QwUJL9.k....:.....t...~:..LhLJ.·CJ..L.J,;;,I\.LI ·:..__ ______________ _ 

---------------------------------------------

_______ _;__ ______ _;__ ___ --'-......:..__ __________ __ 

------------------------------------------
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_. · .......... --

.::'.a.luation of Metals Data for the 
contract Lab:lratory Program 
-~ A.2: .Data A.s.ses.snent Narrative 

(continuation) 

~te: :eb. 1990 
;\]'ciDlber: if;·/- 2 
~evision: 10 

---------------------------------------------------------------------

-----------------------------------------------------------------
----------------------------------------------------------------

·--------------------------------------------
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~:a.luation of Metals Data for t:..';.e 
::::ontract Latx:>ratory Program 
-~ix A.2: Data Assessrrent Narrati·,.·e 

?age 30 ol 35 

~ate: ?eb. l990 
Number: 1-rw- 2 
Revision: lO 

-----------------------------------------------------------------------· 
--------

---------------------------------------------------------------- -----

------------------------------------------------------ ------ - -·· -----

I A. 2. 2 CCD1tract-Problens/NJ~liance 

~A", I I ~tc\8-l\Q\ 
I 
I 
I 
I 
I 
I 

[ I 
'--:'-.h. '-' 

I _J__; t1 J L _cc"' ~ccn 2 -l o oc+ rxllic j, 
I' 0 I 

Signature -

('c__\f.} CC62. _c._'Q_1- (}:J(J_L 

r. c v "r (J l~ 24 .:':> 1x=rr tt:QJ) . 

(\~ ·-~cr~ 1. \-t 1_ 
I !·,_.\.,11 ',_.

1 
I '• :_• _.1.'---

------ --------

'.. [: i) . 

I Contractor Revie..rer:---::~·'1-:-\ ... ~.=>01""-"='.'----=-' ___;.,...,~-=.;..· ::::........;;. ~t:~----------------- Date: 
.-~gnatlure ,,--J' 
''-J ' 

Verified by: -----~-'-"'CV1.t?=· ~:,<Vb~=--d--""'. a=_g__~r +''«=~' ..... /c'""-9A-'.---'-=:.'~-..::;155-=-:ft_,·....:..T .... )'----- Date: I ,, 

I 
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~: :.le: :::valuation of M:t.als Data for tJ1e 
:ontract La.ooratory Program 
:;ppernix A. 3: contract ~-<:anpliance \ .sr-u Rep:)rt J 

Regional Review of Uncont.rolloo HazardoUs Waste 
Site contract. LaOOratory Data Package 

?age ~~ of 35 

J8te: FeL. 1990 
I l1..mlber: Jf:J- 2 
~evision: 10 

:he hardcOpied (lal:XJratory name) __ ~~~~~----------~--~--~~ 2:;x,rganic data package received at Region II has been revierwed arrl the qu.ality assurance and ~rfonrance data SUI'!lTla!'izoo. The data revie...;ed included: ~·U Sample No.: _____________________________________________________________________ __ 

,-~-::::::x:. :; Hatrix: --------------------------------------------------------- --
c:rm:ract N:>. WA87-K025 .K026 .K027 ( SCWZ87 l requires that specific analytical 'w'Ork be done and tr.at associated rep:>rts be provided by the contractor to the Regions, D·1SL-LV, and S1J. The ?eneral criteria used to determine the perfonranc:e were based on an examination of: - Data Completeness - Duplicate Analysis Results - Matrix Spike Results - Blank Analysis Results - calibration St:.andards Results - 1'1.91 Results 

ltens of !'lOJ'H:amplian::e "With the a..oove contract are described :below. 
11 COmments: ______________________________________________________________ __ 

I 
·-----· 

I 
I ------- ---------------------------------------------------------- -------

I 
I 
I 

\ f 
Reviewer's Initial Date 

I 
I 
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:;.'aluatlon of Metals Data for t.':e 
•,::::Jntract l.atx:lratory Program 

?age 

Date: ~eb. 1990 
0-'Umber : =--:.·i- 2 ·"'f:PeT~:iix A. 4: Mailing List for Data Revie..rers Revisior.: l') 

----------------------------------------------------------

l. t:SillA ~ic;:r, I (!SO) 
50~1&1~ 
Lex.ira::;t.on • 19. 02 "''7 J 
Deb szaro 
(617) 861-4312 
cr. ME. !9.. NH. R!. \'T 
o.A. Je.scurce Anal yst.s , i'ork. 
.EJ I , Slc.inner, 'Il9. 

J. t.'S!l'A Region !!! (0'.:.) 
8 J 9 Bestgate Road 
A."":na~lls. ~ 21.;:::1 
c-. ".lCk Sa. -.:is 
(3:1) 26E:-918D 
!Z, l'lD, PA, \'1., w:, 0: 
Ce.'"Ttee , H l ~ , J':'C . 19.0<. '\JDlS.AR . :r:J..S. ~:::::-.. I'¥.ES. FJ. Dlgl.nE!Ierl.l"'q 
SUbJect Tech., Key PA 

5. t:SI:PA Jla:;lon V (!SO) 
536 So.Jt.l": C1ar.k Strelrt 
'!'erlth fl 0::::" • au. 
cr.icagc, IL 60605 
Pa~ Olunlla 
312-353-906'7 
IL. D~, P".:! • ~, Cli, ft~ 

7. t:S!:PA ~ic;:r, VII l.Ab:lntory 
2 5 F\mstcn Read 
Kansas Cl'ty, KS 66115 
.Debn 1'1crey 
( 913) 236-3881 
IO. J(S, NB. HJ 
W1lson, Kansas City SCi~ific 
~..erpr1ses, Eac;l e P 1 taler 

2. t.JSnlA Raq1c;:r, II (!SO) 
Woc:dbridqe Avan.le 
!.di.scn' ,..., Janey 08837 
Lisa Gatta'! VidWich 
(201) 321-6676 
NJ, N'i, PR, VI 
CWit:Ury' CWII't.«:h' us Test' Nanc::c • CO:, Gad5a'l, EMS , CiaJ.5cl1, I CM 

., • t.JSnlA ~ic;:r, rv (ESD) 
Anal ytlcal S'..q:Jert B:ranc:rl 
Cell~ Statlc;:r, Road 
"t.hens . G.; J 0613 
T'3!l Berw!tt . Jr. 
(404) 546-31U 
AL, r.~-, GA., lCi, MS. NC, S:, ~~ 
~. o:s. ESt. PaSO.:. 
Trian:;le Lsbs 

6. USE:PA Rsgic;:r, VI (ESO) 
Mcnt.erey Part Plaza, Bldg. c 
6608 Hornwccd Orive 
HoJst.cr.. TX 77 07 4 
CIIVld St.oc:kt.cn 
(713) 953-3425 
AR,L\,Moi,TX.O!< 
~cnl. RADIAN, SPD:S, t:!S, Gl~. 
Re:sean:tl' In::. . SPI. In::. ' S'WR! • 
Allia:i, Key TX. E:I:AA 

8. tJS!llA Raqic;:r, VIII l.Ab:lntory 
B:JX 25366 
Denver Federal Center 
I..AXewa:d ' co 8 022 5 
tva Hof trnan 
(303) 236-7371 
CO, ND, SO, L'T, WI', MI' 
Ace.;, CSMR1 , R9U., Cllta Clem, Ce.-.re t 

9. USU'A ~ion IX (ESO) 10. USE:PA ~ic;:r, X l.Abont.cry 
P.O. B:JX 549 

cr.. ~ Sect.ic;:r, 
21 5 F'rena11: Street 
San f'ranelSCXl, CA 94105 
Xent Ki t..d"tin:;r.'An 
(US) 974-<>924 

1\Z. , 0., HI , NV, A1rer i can 5ar.'ca, 
~ 'I"nlSt. Territ.cries ot Pac:l!ic 
Islands, ~a.ke Island 
1-J.l • CAL Wes'tc:'l, s -o.Jbed. rr -a. 
Vegas 

Carla Deip&Ey - (05-230) 12. cscr,; 
~c: ~ s~-ee~. s.~. 
;.;as."lJ.rqt.Orl, ::X: 20.060 
:.S 3S2-5"6 

r ). B:'>: E:E 
.:..:.. ~:.!...--c..-:!. 

Manchester. ~ 98353 
Gera.l d l't.J'th 
(206) 442-0370 
AK,ID,CF...~ 
L!ud'ls Test in; l.ats. Century Test ir1; 
1.ats (For vo.\ ChlyJ. Weyemeuser eo. 
Q:)l ur.tlia Testin;. Silver Valley 

Edl."aro Y.Anto:
USEPA 
D'!SI.-LV 
94 4 E. H.a:n:x:ln Avenue 
tDX 93478 
Las Va:;as. NV 89119 
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-. ~ . .:.e: ..::·.'aluat:ion of -~ls Data for t..'"le 
=·.:mtract .La!:x:>ratory Program 
~ix A. 6: c:r..p Data Assessment 
surrm:rry Fonn ·: Inorganics) 

CLP DATA ASSESSMENT SUMMARY FORM (lNOICANlCS) 

?age C>1 

Jat:e: :eb. l990 
Number: r.W- 2 
~eviswn: ~o 

I 
:ype or !l.niev: ;..-f¥'5Jrcc\OIC Date : __ :OJ_~ .;..I ~'2-... '1....~..or0._· .;..' :..1 ------ Cue I: 1594/ 

' ' \j 

11 t e : -c:::..._· \C' •. .\ c_~ ~ dx)t . 
:\evle....,r·;s •n1ti.ala: \ ::+'' 

--~~----------_)' 
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Nuaber of s .. lllU 2..::o:..""..:--1<:..';.::fu...:;..' . ..,...._·<-•. L~l.:::W.:::.::,::Io.l.r ___ _ 
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7i~e• •Calibration 

· · : ; · i i ' I 
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!lankiBlaniLifereneeaiRecoverviLabiPield I Liaitl itCSIDilut1oniHSAIAnalvtel le1ect1on 

I I l I i I I I I I 

I FlaaP M 

PurnacP 

I I I I I I I I I 
I 

.v.l I I I I I 

I Kercurv 

Total 
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I I I I l 

I 
Othu· I 1 1 I I I 

Analvte• Flacsed •• Eatiaated (J) Oue to Exeeedin5 Criteria Por:• 

11Cl' 
I I I ! 

' 

I 1 l I I I I I i 
T I I 

ln.- I I 
I I 

I I i I 
! ., 

I I I I I .v. j I I 

I 
I I I I I I ! I I I I I \'1 Furnace AAI ill -

Mercurv I I 1 I I I ,Q I I~ 
I 

Total I I In ~ \ ----
Other I I I I 

I 
I !tlote: 

Aater1alL (•) lndicatea additional eaceedancea of review criteria. 

I 
I 
I 
I 
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I 

::2'.'a.luation of Metals Data !or t..'1e 
Contract I...alx:>ratory Program I 

I 
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Ho 
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I 
I 

U.S. EPA - CLP 

1 
INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 

:102 

EPA SAMPLE NO. 

MBFQ01 

ILab Code: NFT Case No.: 15941 SAS No.: SDG No.: MBFQOl 

I 
Matrix (soil/water): SOIL 

Level (low/med): LOW 

Solids: 92.1 

Lab Sample ID: 1B13-1 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: BROWN 

Color After: BROWN 

Comments: · 

Analyte Concentration 

Aluminum 4700.00 
Antimony 5.20 
Arsenic 1. 80 
Barium 17.50 
Beryllium .41 
Cadmium 1. 50 
Calcium 1210.00 
Chromium 19.90 
Cobalt 2.00 
Copper 260.00 
Iron 9150.00 
Lead 68.40 
Magnesium 1460.00 
Manganese 72.20 
Mercury .. 'j .-{}.5_ 
Nickel 19.90 
Potassium 353.00 
Selenium .43 
Silver 173.00 
Sodium 45.70 
Thallium X, • 22 
Vanadium 19.50 
Zinc 97.80 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 
B WN F 
B p 
B p 

p 
p 
p 

B p 
p 
p 

- p 
p 
p 

u NT cv 
p 

B p 
u N F 

p 
B 0" p 
u F 

p 
p 
NR 

- -
Texture: COARSE 

Art\ifacts: 

3/90 

I 

.;. -... 



I U.S. EPA - CLP ,, 003 
EPA SAMPLE NO. 

I 
1 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 
MBFQ02 

lab Code: NFT Case No.: 15941 SAS No.: SDG No . : MBFQO 1 

~~~atrix (soil/water): SOIL 

· Level (low/med): LOW 

Solids: 84.4 

Lab Sample ID: 1B13-2 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

I 
Color Before: BROWN 

Color After: BROWN 

I Comments: 

I 
I 
I 

Analyte Concentration 

Aluminum - 11900.00 
Antimony 5.70 
Arsenic _( 7. 40 
Barium ·67.40 
Beryllium 1.10 
Cadmium .95 
Calcium 835.00 
Chromium 21.00 
Cobalt 4.00 
Copper 29.50 
Iron •16000.00 
Lead -. 60.20 
Magnesium . 958.00 
Manganese . 159.00 
Mercury , I :7,_ .-%-
Nickel -. 11.60 
Potassium 1070.00 
Selenium .47 
Silver 7.40 
Sodium -43.80 
Thallium ')'.. .24 
vanadium .. 26.30 
Zinc 67.80 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

N.:::::- F 
p 

B p 
u p 
B p 

p 
B p 

p 
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}" p 
B p 

p 
u N'f cv 

p 
B p 
u WN F 

p 
u p 
u F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 
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., 004 
U.S. EPA - CLP 

EPA SAMPLE NO. 
1 

I 
I INORGANIC ANALYSIS DATA SHEET 

MBFQ03 
Lab Name: N.F.T. INC. Contract: 68-D0-0145 

ILab Code: NFT Case No.: 

~Matrix (soil/water): SOIL 

Level ( low/med): LOW 

Solids: 85.9 

15941 SAS No.: SDG No . : MBFQO 1 

Lab Sample ID: 1B13-3 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

I 
Color Before: TAN 

Color After: TAN 

I Comments: 

I 
I 
I 

Analyte Concentration 

Aluminum -14100.00 
Antimony 5.60 
Arsenic 6.00 
Barium 72.30 
Beryllium 1. 00 
Cadmium .93 
Calcium 587.00 
Chromium 24.00 
Cobalt - 4. 30 
Copper 20.60 
Iron ·21800.00 
Lead 10.70 
Magnesium 1460.00 
Manganese 146.00 
Mercury ~j~~ 

Nickel 8.90 
Potassium 944.00 
Selenium .47 
Silver .98 
Sodium 43.10 
Thallium ,><:._ .23 
Vanadium - 33.10 
Zinc - 37.60 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 
- -p 
u p 

-N _\ F 
p 

B p 
u p 
B p 

p 
B p 

p 
p 
F 
p 
p 

u N.T cv 
B p 
B / p 
u WN F 
B p 
u p 
u F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 
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·~ 005 
U.S. EPA - CLP 

EPA SAMPLE NO. 
1 

I 
I INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 
MBFQ04 

Jab Code: NFT Case No.: 15941 SAS No.: SDG No. : MBFQ01 

Matrix (soil/water): SOIL 

llevel (low/med): LOW 

Solids: 84.8 

Lab Sample ID: 1B13-4 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: TAN 

I Color After: TAN 

I Comments: 

I 
I 
I 

Analyte Concentration 

Aluminum 14900.00 
Antimony 5.70 
Arsenic 6.20 
Barium 81.20 
Beryllium .95 
Cadmium .94 
Calcium 483.00 
Chromium 23.30 
Cobalt 4.80 
Copper 23.30 
Iron 19300.00 
Lead 9.40 
Magnesium 1520.00 
Manganese 191.00 
Mercury '' .::_.·(}Q 
Nickel 10.20 
Potassium ·1040.00 
Selenium .47 
Silver 1.10 
Sodium 43.60 
Thallium ./ • 26 
Vanadium 30.90 
Zinc 41.80 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

N:Y F 
p 

B p 

u p 
B p 

p 
B p 

p 
p 
F 
p 
p 

u N~ cv 
p 

B p 
u WN F 
B p 
u p 
B F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 

3/90 
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I 006 
U.S. EPA - CLP 

EPA SAMPLE NO. 
1 

I INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 
MBFQ05 

ILab Code: NFT Case No.: 15941 SAS No.: SDG No.: MBFQOl 

I
Matrix (soil/water): SOIL 

Level (low/med): LOW 

Solids: 87.2 

Lab Sample ID: 1Bl3-5 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: TAN 

Color After: TAN 

Comments: 

Analyte Concentration 

Aluminum 11100.00 
Antimony 5.50 
Arsenic 5.30 
Barium 23.50 
Beryllium .56 
Cadmium .92 
Calcium 413.00 
Chromium 22.60 
Cobalt 2.20 
Copper 4.10 
Iron 17800.00 
Lead 5.30 
Magnesium -1310.00 
Manganese . 71. 10 
Mercury . : -:-...:: • -&9. 
Nickel 5.00 
Potassium 1740.00 
Selenium .46 
Silver - .92 
Sodium 42.40 
Thallium ·,".:. .23 
Vanadium ~ 29.50 
Zinc -..._ 

17.40 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

N ~ F 
B p 
B p 
u p 
B p 

p 
B p 
B p 

p 
F 
p 
p 

u N ··- cv 
B p 

p 
u WN F 
u p 
u p 
u F 

p 
p 

NR 
- -

Texture: MED 

Artifacts: 
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U.S. EPA - CLP 
.. ;.. 007 

EPA SAMPLE NO. 
1 

I 
I INORGANIC ANALYSIS DATA SHEET 

[.;' MBFQ06 
Lab Name: N.F.T. INC. Contract: 68-D0-0145 

Jab Code: NFT Case No.: 15941 

Matrix (soil/water): SOIL 

llevel (low/med): LOW 

Solids: 84.3 

SAS No.: 
-------

Lab Sample ID: 1B13-6 -~ 

Date Received: 2/28/9L. 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: BROWN 

I Color After: TAN 

I Comments: 

I 
I 
I 

Analyte Concentration 

Aluminum ·- 9270.00 
Antimony 5.70 
Arsenic .X 7. 80 
Barium --50.70 
Beryllium .83 
Cadmium .95 
Calcium 328.00 
Chromium -. 17.80 
Cobalt 2.70 
Copper 16.00 
Iron 12200.00 
Lead -- 31.20 
Magnesium - 986. 00 
Manganese 204.00 
Mercury .13 
Nickel - 6.00 
Potassium - 958.00 
Selenium .< • 4 7 
Silver ~ 2.70 
Sodium - 43.90 
Thallium A .24 
Vanadium - 21.70 
Zinc - 32 .10 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

N:r F 
... ; 

p . ·: -~···;·:-· . . 

B p 
u p 

• '>~-~,7· .. ;_,;,...:.:.·: 

:; --~~~;J..~::;~i .-::; 

B p 
p 

B p 
p 
p 

J p 
.. 

B p 
p 

N.7- cv 
B p 
B p 
u WN F 

p 
u p 
u F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 

3/90 
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'· ..... 008 
U.S. EPA - CLP 

EPA SAMPLE NO. 
1 

I 
I INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 
MBFQ07 

I Lab Code: NFT Case No.: 15941 SAS No.: SDG No. : MBFQO 1 

Matrix (soil/water): SOIL 

I Level ( low/med) : LOW 

Solids: 87.5 

Lab Sample ID: 1Bl3-7 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg. dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439...;96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: TAN 

I Color After: 

I 
I 
I 
I 

Comments: 

TAN 

Analyte Concentration 

Aluminum '11800.00 
Antimony -5.50 
Arsenic X 6.80 
Barium - 26.80 
Beryllium .74 
Cadmium .91 
Calcium ~ 552.00 
Chromium - 24.40 
Cobalt ~ 4.10 
Copper ~ 3. 40 
Iron 19700.00 
Lead 5.10 
Magnesium ~1290.00 

Manganese - .111. 00 
Mercury • J ~ :-&i.,,~ 

Nickel - 5.50 
Potassium -1870.00 
Selenium ><.46 
Silver ... .91 
Sodium - 42. 30 
Thallium ,;<.. 2 3 
Vanadium - 31.60 
Zinc -18.00 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

Nj F 
B p 
B p 
u p 
B p 

p 
B p 
B p 

p 
F 
p 
p 

u N.J cv 
B p 

!v/ p 
u WN F 
u p 

U. p 
u F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 
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U.S. EPA - CLP 
009 

EPA SAMPLE NO. 
1 

I 
I INORGANIC ANALYSIS DATA SHEET 

MBFQ08 
Lab Name: N.F.T. INC. Contract: 68-D0-0145 

I Lab Code: NFT Case No.: 15941 

I
Matrix (soil/water): SOIL 

Level (low/med): LOW 

Solids: 93.2 

SAS No.: SDG No.: MBFQOl 

Lab Sample ID: 1B13-8 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7.440-28-0 
7440-62-2 
7440-66-6 

Color Before: BROWN 

I Color After: 

I 
I 
I 
I 

TAN 

Comments: 

Analyte Concentration 

Aluminum ·2420.00 
Antimony 5.20 
Arsenic . ·. 2.70 
Barium 41.00 
Beryllium .31 
Cadmium 4.70 
Calcium 1450.00 
Chromium 28.80 
Cobalt - 1.10 
Copper -688.00 
Iron 5430.00 
Lead - 37.80 
Magnesium - 831.00 
Manganese - 32.80 
Mercury o/1 ;-Q..S.. 

Nickel - 34.40 
Potassium - 208.00 
Selenium :-.43 
Silver - 193.00 
Sodium - 39.70 
Thallium _x_ • 21 
Vanadium - 7.60 
Zinc '206.00 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

-·-·----·---··-····- ··-------·-· ----------

c Q M 

- -p 
u p 

Nj F 
B p 
B p 

p 
p 
p 

u p 
p 

..< 
p 

y p 
B p 

p 
u N ·: cv 

p 
. /-:~ 

B p 
u WN F 

p 
u p 
u F 
B p 

p 
NR 

- -
Texture: COARSE 

Artifacts: 
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I 
I 

U.S. EPA- CLP 

1 
INORGANIC ANALYSIS DATA SHEET 

010 
EPA SAMPLE NO. 

MBFQ09 
Lab Name: N.F.T. INC. Contract: 68-D0-0145 I

:_·:-_·----
!' .... 

--------+ 
~ab Code: NFT Case No.: 15941 

(

Matrix (soil/water): SOIL 

evel (low/med): LOW 

Solids: 80.4 

SAS No.: SDG 

Lab Sample ID: 1B13-9 

Date Received: 2/28/91 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: BROWN 

I Color After: BROWN 

I Comments: 

I 
I 
I 

Analyte Concentration 

Aluminum --10200.00 
Antimony 6.00 
Arsenic 7.10 
Barium - 77.30 
Beryllium ' .85 
Cadmium 1. 70 
Calcium 1290.00 
Chromium - 21.60 
Cobalt - 2.80 
Copper - 82.30 
Iron 14200.00 
Lead - 134.00 
Magnesium - 1170.00 
Manganese - 196.00 
Mercury fJJ;~ .··(}6 

Nickel - 12.70 
Potassium - 1190.00 
Selenium ~' .70 
Silver - 73.10 
Sodium - 46.00 
Thallium /- .32 
Vanadium - 25.30 -
Zinc 147.00 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

N=:" F 
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B p 
p 
p 
p 

B p 
p 
p 

-:r p 
B p 

p 
u N.T cv 

p 
B p 
B N.:T- F 

p 
u i p 
B w F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 

3/90 
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U.S. EPA - CLP 
EPA SAMPLR2NO: •... 

1 _.. ··;·~:/::· .. · ... •':. 

I 
I INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 

I Lab Code: NFT Case No. : 15941 SAS No.: SDG No.: MBFQOl. 
. ·::··t!-.o;,..;,~-·-, .·.· :·,·:-~'!";o·:: .. 

1
f1atrix (soil/water): SOIL 

Level (low/med): LOW 

Lab Sample ID: 1B13-l·:~i~~ty{;.·.> 
Date Received: 2/28/91 

Solids: 84.5 1% 

I 
I 
I 
I 
I 
I 
I 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

I 
I 
I 
I 
I 
I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: BROWN 

Color After: BROWN 

Comments: 

Analyte Concentration 

Aluminum -7800.00 
Antimony - 5.70 
Arsenic X 11.30. 
Barium - 47.00 
Beryllium - .73 
Cadmium - .95 
Calcium -1060.00 
Chromium - 19.30 
Cobalt - 1. 80 
Copper - 17.20 
Iron ~ 12500.00 
Lead - 58.50 
Magn~sium - 1020.00 
Manganese - 158.00 
Mercury .· 13 
Nickel - 4.60 
Potassium - 1340.00 
Selenium ;<. 4 7 
Silver - 3.00 
Sodium - 43.80 
Thallium J.- • 24 
Vanadium ~ 22. 30 
Zinc - 71.80 
Cyanide 

Clarity Before: 

Clarity After: 

FORM I IN 

c Q M 

- -p 
u p 

NT:. F ...... 
B p 
B p 
u p 
B p 

p 
B p 

p 
p 

T p 
B p 

p 
NT- cv 

B p 

~ 
p 

u F 
p 

u p 
u F 

p 
p 
NR 

- -
Texture: MED 

Artifacts: 

3/90 



I 
I 

U.S. EPA - CLP 

1 
INORGANIC ANALYSIS DATA SHEET 

EPA SAMPLE~NO. 

MBFQ11 
Lab Name: N.F.T. INC. Contract: 68-D0-0145 

~--

lab Code: NFT 
-------

Case No.: 15941 SAS No.: SDG No.: MBFQOl . 

.ratrix (soil/water): WATER 

ltevel (low/med): LOW 

t Solids: o.o 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Concentration Units (ug/L or mg/kg dry weight): UG/L 

CAS No. Analyte Concentration c Q 

-7429-90-5 Aluminum . 22. 00 u 
7440-36-0 Antimony - 24. 00 u 
7440-38-2 Arsenic .X.. 1. 00 u ~-.. · 
7440-39-3 Barium -1.00 u 
7440-41-7 Beryllium - 1. 00 u 
7440-43-9 Cadmium - 4. 00 u 
7440-70-2 Calcium -- 24.00 u 
7440-47-3 Chromium -6.00 u 
7440-48-4 Cobalt -5.00 u 
7440-50-8 Copper - 3. 00 u 
7439-89-6 Iron -- 7. 00 u 
7439-92-1 Lead >( 1. 00 u ~ 
7439-95-4 . Magn~sium --- 24.00 u 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

I 
Color Before: COLORLESS 

Color After: COLORLESS 

I Comments: 

I 
I 
I 

Manganese -- 1.00 u 
Mercury ;<... ·'~0 u x·~ -· Nickel -- 10.00 u 
Potassium - 620.00 u 

~ Selenium /< 2. 00 u 
Silver - 4.00 u 
Sodium ·185.00 u 
Thallium X 1. 50. B 
Vanadium ' 6. 00 u 
Zinc - 5. 00 u 
Cyanide 

-
Clarity Before: CLEAR 

Clarity After: ,CLEAR 

FORM I IN 

M 
,. ·.::.:~·-

-p 
p 
F 
p 
p 
p 
p 
p 
p 
p 
p 
F 
p 

s ~/·.- b, ·-:' 'l'l' 

p 
cv •- . :I 

p 
p 
F ., ,. .· _. 'i. I 

p 
p 
F 
p 
p 
NR 

-
Texture: 

Artifacts: 
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i ,,. 013 
U.S. EPA - CLP 

EPA SAMPLE NO. 
1 

I 
I INORGANIC ANALYSIS DATA SHEET 

Lab Name: N.F.T. INC. 

I Lab Code: NFT Case No.: 

1 
Matrix (soil/water): WATER 

Level ( low/med): LOW 

Solids: 0.0 

15941 

MBFQ12 
Contract: 68-D0-0145 

SAS No.: SDG No.: MBFQOl 

Lab Sample ID: 1B13-12 

Date Received: 2/28/91 

1% 
I 
I 
I 
I 
I 
I 
I 

Concentration Units (ug/L or mg/kg dry weight): UG/L 

I 
I 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

I 
Color Before: COLORLESS 

Color After: COLORLESS 

I 
I 
I 
I 

Comments: 

Analyte Concentration c Q 

-Aluminum - 22. 00 u 
Antimony 24.00 u 

' Arsenic .><1.00 u 
Barium 1. 00 u 
Beryllium 1. 00 u 
Cadmium . 4. 00 u 
Calcium 24.00 u 
Chromium 6.00 u 
Cobalt 5.00 u 
Copper 3.00 u 
Iron 14.10 B 
Lead Xl.OO u \ 
Magn_esium - 24. 00 u 
Manganese 1. 00 u 
Mercury /( ~lJl u xs 
Nickel 10.00 u 
Potassium . 620.00 u 
Selenium X 2. 00 u ~ Silver 4.00 u 
Sodium 185.00 u 
Thallium X 1.00 u 
Vanadium 6.00 u 
Zinc 5.00 u 
Cyanide 

-
Clarity Before: CLEAR 

Clarity After: CLEAR 

FORM I IN 

M 

-p 
p 
F :~ -1 I 
p 
p 
p 
p 
p 
p 
p / 
p 
F 
p 
p 
cv l s ~--(,·-il 
p 
p 
F · .· r 1 
p 
p 
F 
p 
p 
NR 

-
Texture: 

Artifacts: 
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I 
I 

U.S. EPA - CLP 

1 
INORGANIC ANALYSIS DATA SHEET 

: t:) 014 
EPA SAMPLE NO. 

Lab Name: N.F.T. INC. Contract: 68-D0-0145 
MBFQ13 

ILab Code: NFT Case No.: 15941 SAS No.: SDG No.: MBFQOl 

I
Matrix (soil/water) : WATER 

Level ( low/med) : LOW 

Solids: o.o 

Lab Sample ID: 1B13-13 

Date Received: 2/28/91 

.. ~:~{:~--~~~~~{i: 
• ~ :.:~-. ;-; I 

1% 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Concentration Units (ug/L or mg/kg dry weight): UG/L 
.. ·.'~~~~~~~~ ... , 

.. . ·, ·"' ":~· -

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: COLORLESS 

I Color After: COLORLESS 

I Comments: 

I 
I 
I 

Analyte Concentration c Q 

Aluminum - 22.00 -u 
Antimony 24.00 u 
Arsenic :---. 1. 00 u 'k. Barium - 1. 00 u 
Beryllium 1. 00 u 
Cadmium 4.00 u 
Calcium 24.00 u 
Chromium 6.00 u 
Cobalt 5.00 u 
Copper 3.00 u 
Iron 7.00 u 
Lead X 1. 00 u ~ Magnesium 24.00 u 
Manganese - 1. 00 u 
Mercury .a..o u ~I 
Nickel -- 10.00 u 
Potassium 620.00 u 

w\ Selenium X 2. 00 u 
Silver 4.00 u ' -
Sodium - 185. 00 u 
Thallium X 1.00 u 
Vanadium - 6. 00 u 
Zinc 5.00 u 
Cyanide 

-
Clarity Before: CLEAR 

Clarity After: CLEAR 

FORM I IN 

M 

-p 
p 
F 
p 
p 
p 
p 
p 
p 
p __ ( __ 

.. ,.,_,_ . 

p 
F 
p 
p 
cv .. " i.J i · 1.. ·- ' I p 
p 
F . :~ .- :t I 
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NR 

-
Texture: 

Artifacts: 

3/90 


